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W (57) Abstract: Nucleic acid and protein sequences relating to a cation channel which is sperm -specific (CatSper4) are disclosed. 
^ The CatSper4 protein is shown to be specifically expressed in sperm. Nucleic acids, vectors, transformed cells, transgenic animals, 

polypeptides, and antibodies relating to the CatSper4 gene and protein are disclosed. Also provided are methods of in vitro fertil- 
Q ization and contraception, methods of identifying modulators of CatSper4 activity, methods ol genotyping subjects with respect to 

CatSper4, and methods of diagnosing and treating CatSper4-mediated disorders, including infertility. Related business methods are 
^ also disclosed. 
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BACKGROUND OF THE INVENTION 



Field of the Invention . 



The present invention relates to the fields of molecular biology, and 



reproductive technology. In particular, the invention relates to a cation channel 
protein expressed specifically in sperm cells, to nucleic acids encoding the protein, 
cells engineered to express the protein, assays for compounds affecting the activity of 
the protein, and to the use of such compounds in the treatment or causation of 
infertility, or as a means of contraception or animal control. 

Description of the Related Art . 

Sperm and ova reciprocally interact in mammalian fertilization (Wassarman, et 
al. (2001), Nature Cell Biology 3, E59-E64; Yanagimachi (1994), in The Physiology 
of Reproduction, eds. Knobil & Neill (Raven Press, New York), pp. 189-315). To 
reach the site of fertilization, sperm must travel relatively long distances and become 
primed for fertilization of the ova through capacitation and other processes. Once 
they arrive at the surface of an ovum, sperm interact with ovum extracellular matrix 
glycoproteins including the zona pellucida proteins. Sperm release acidic material 
during the acrosome reaction, a signaling event that presumably involves the opening 
of Ca 2+ channels and the influx of Ca 2+ into the sperm heads (OToole, et al. (2000), 
Mol Biol Cell 11, 1571-84). The TRPC2 protein, a putative Ca 2+ -permeant channel, 
has recently been implicated in the acrosome reaction (Jungnickel, et al. (2001), Nat 
Cell Biol 3, 499-502). Penetration of sperm through the thick outer layer of the ovum 
is achieved through chemical lysis of the ovum coat and/or the mechanical motion of 
sperm (Bedford (1998), Biol Reprod 59, 1275-87). Following infiltration of the ovum 
ZP coat, the sperm membrane fuses with that of ovum. Fusion is followed by 
activation of the fertilization process, beginning with Ca 2+ oscillations in the ovum 
(Wassarman, et al. (2001), Nature Cell Biology 3, E59-E64; Yanagimachi (1994), in 
The Physiology of Reproduction, eds. Knobil & Neill (Raven Press, New York), pp. 
189-315). 
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CatSper4 protein, at least a pore region of a CatSper4 protein, or at least an epitope of 
a CatSper4 protein having high predicted antigenicity. In some embodiments, the 
animals are rats, mice, hamsters, guinea pigs, rabbit, dogs, cats, goats, sheep, pigs, and 
non-human primates. 

In another aspect, the invention provides substantially pure protein 
preparations including polypeptides selected from a CatSper4 protein; at least a 
transmembrane domain of a CatSper4 protein; at least an extracellular loop of a 
CatSper4 protein; at least a pore region of a CatSper4 protein; and at least an epitope 
of a CatSper4 protein having high predicted antigenicity. In particular embodiments, 
the polypeptide is selected from SEQ ED NO: 2; SEQ ID NO: 4; residues 46-75, 86- 
98, 108-137, 155-202, 209-233 and 242-272 of SEQ ID NO: 2; residues 48-73, 81- 
111, 113-134, 156-204, 208-233 and 245-273 of SEQ ID NO: 4; residues 76-85, 138- 
154 and 234-242 of SEQ ID NO: 2; residues 74-80, 135-155 and 234-244 of SEQ ID 
NO 4; residues 222-231 of SEQ ED NO: 2; residues 222-231 of SEQ ID NO: 4; a high 
predicted antigenicity epitope of SEQ ID NO: 2; and a high predicted antigenicity 
epitope of SEQ ID NO: 4. 

In another aspect, the invention provides a substantially pure protein 
preparation including polypeptides having at least 80%, 85%, 90%, or 95% amino 
acid sequence identity with a CatSper4 protein; at least a transmembrane domain of a 
CatSper4 protein; at least an extracellular loop of a CatSper4 protein; or at least a pore 
region of a CatSper4 protein. In some embodiments, the substantially pure protein 
preparation includes a polypeptide having at least 80%, 85%, 90%, or 95% amino acid 
sequence identity with a CatSper4 protein and having CatSper4 activity in a cell 
capable of expressing CatSper4 activity. 

In another aspect, the invention provides a substantially pure antibody 
preparation including an antibody raised against a CatSper4 epitope. In some 
embodiments, the epitope has high predicted antigenicity. In some embodiments, the 
epitope includes an amino acid sequence within a high predicted antigenicity epitope 
of SEQ ID NO: 2, and a high predicted antigenicity epitope of SEQ ID NO: 4. In 
some embodiments, the antibody is a monoclonal antibody. In some embodiments, 
antibody is an Fab fragment, an F(ab') 2 fragment, an Fv fragment, or a single-chain Fv 
fragment (scFv). 

In another aspect, the invention provides a kit for detecting at least an epitope 
of a CatSper4 protein. The kits include an anti-CatSper4 antibody of the invention 



5 



WO 2004/015066 




PCT/US2003/024359 



and a means for detecting said antibody. In some embodiments, the means for 
detecting said anti-CatSper4 antibody includes a detectable label bound thereto and, in 
some embodiments, the means for detecting said anti-CatSper4 antibody includes a 
labeled secondary antibody which specifically binds to the anti-CatSper4 antibody. 

In another aspect, the invention provides methods of identifying potential 
modulators of CatSper4 activity. The methods include contacting a candidate 
compound with a cell expressing a CatSper4 protein; measuring an indicator of 
CatSper4 activity in the cell; determining whether the candidate compound caused an 
increase or decrease in the indicator relative to a reference level; and identifying the 
candidate compound as a potential modulator of CatSper4 activity if the increase or 
decrease is significant. In some embodiments, the indicator is an indicator of the level 
of mRNA encoding the CatSper4 protein, an indicator of the level of CatSper4 
protein, an indicator of cation flux across a membrane of said cell, or an indicator of 
whole cell or channel currents of said cell. In some embodiments, the cell has been 
transformed with a genetic construct capable of expressing a CatSper4 protein. In 
some embodiments, the cell is a mature sperm cell and the indicator is a measure of 
sperm motility. 

In another aspect, the invention provides methods of identifying a potential 
modulator of CatSper4 activity comprising contacting a candidate compound with at 
least a structural domain of a CatSpert protein; measuring binding, if any, between the 
candidate compound and the CatSper4 moiety; and identifying the candidate 
compound as a potential modulator of CatSper4 activity if the binding is significant. 
In some embodiments, the CatSper4 moiety is a CatSper4 protein; at least a 
transmembrane domain of a CatSper4 protein; at least an extracellular loop of a 
CatSper4 protein; or at least a pore region of a CatSper4 protein. 

In another aspect, the invention provides a method of decreasing the fertility of 
a male subject by administering a compound to the subject which decreases CatSper4 
activity. In another aspect, the invention provides a method of causing reversible 
infertility in a male subject by administering to a compound to the subject which 
decreases CatSper4 activity. In another aspect, the invention provides a method of 
contraception in which a compound which decreases CatSper4 activity is administered 
to a male or female subject. In each of the foregoing embodiments, the compound can 
be in an injection, a transdermal patch, a bioerodable implant, a lubricant, a 
moisturizer, a foam, a jelly, or a sponge. If the subject is a female, the compound can 
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be administered into at least one of the vagina, uterus or fallopian tubes. In each of 
the foregoing embodiments, the compound can be a nucleic acid which is antisense to 
at least a portion of a CatSper4 gene or an antibody to a CatSper4 protein, including 
an Fab fragment, an F(ab')2 fragment, an Fv fragment, or an scFv fragment. In some 
embodiments, the subject is a mammal. In some embodiments, the subjects are 
humans, dogs, cats, cows, sheep, horses, mice, rats, raccoons, and gophers. In others 
embodiments, the subjects are fish, amphibians or insects. In related aspects, the 
invention provides for the use of a compound which decreases CatSper4 activity in the 
preparation of a medicament for decreasing the fertility of a male subject, or causing 
reversible infertility in a male subject, or in the preparation of a contraceptive for 
administration to a male or female, thus, the invention provides contraceptive 
preparations including compounds which decrease CatSper4 activity, including 
nucleic acids which are antisense to at least a portion of a CatSper4 gene and 
antibodies to a CatSper4 protein. 

In another aspect, the invention provides method of diagnosing a CatSper4- 
related disorder in a mammal by determining the presence or absence of a mutation in 
a CatSper4 gene. In some embodiments, the presence or absence of differences 
between a determined nucleic acid or amino acid sequence and a reference sequence 
indicates the presence or absence of mutations in the CatSper4 gene. In some 
embodiments, the method includes contacting at least a fragment of the CatSper4 
protein with an antibody known to bind to a CatSper4 protein in which a mutation is 
known to be present or absent and detecting binding between the antibody and the 
CatSper4 protein. In other embodiments, the method includes measuring an indicator 
of CatSper4 activity in a cell; and comparing the measured indicator to a reference 
level. The indicator can be an indicator of the level of mRNA encoding CatSper4 
protein, an indicator of the level of CatSper4 protein, an indicator of cation flux across 
a membrane of said cell, or an indicator of whole cell or channel currents of said cell. 
In some embodiments, the disorder is CatSper4-related infertility. In another aspect, 
the invention provides methods of genotyping a subject with respect to a CatSper4 
gene. } 

In another aspect, the invention provides a method of in vitro fertilization by 
sperm having decreased CatSper4 activity, decreased motility, or decreased ability to 
penetrate a zona pellucida, in which a zona pellucida is removed from at least one 
ovum; and the ovum is contacted with at least one of sperm. 
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In another aspect, a method of treating a subject characterized by infertility due 
to decreased CatSper4 activity is provided. The method includes transforming sperm 
or sperm progenitors of the subject with a genetic construct capable of expressing a 
CatSper4 protein and using transformed sperm of said subject to fertilize an ovum. 
Alternatively, the method includes administering a CatSper4 protein to sperm or 
sperm progenitors of the subject. 

In another aspect, the invention provides methods of diagnosing an anti- 
CatSper4 antibody-mediated infertility caused by anti-CatSper4 antibodies present in a 
female urogenital tract is provided. In another aspect, methods of treating an anti- 
CatSper4 antibody-mediated infertility caused by anti-CatSper4 antibodies present in a 
female urogenital tract are provided. 

In another aspect, the invention provides methods of conducting a drug 
discovery business including (a) identifying, by an assay of the invention, one or more 
agents which antagonize CatSper4 activity; (b) determining if an agent identified in 
step (a), or an analog thereof, inhibits at least one of sperm motility or egg penetrance; 
(c) conducting therapeutic profiling of an agent identified as an inhibitor in step (b) for 
efficacy and toxicity in one or more animal models; and (d) formulating a 
pharmaceutical preparation including one or more agents identified in step (c) as 
having an acceptable therapeutic profile. In some embodiments, the method further 
includes the step of establishing a system for distributing the pharmaceutical 
preparation for sale, and optionally including establishing a sales group for marketing 
the pharmaceutical preparation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The following drawings are illustrative of embodiments of the invention and 

are not meant to limit the scope of the invention. 

Figure 1 shows the primary structure of mouse CatSper4 protein, (a) Amino 

acid sequence; the 6 putative transmembrane domains are underlined and the pore 

region is in bold. 

Figure 2 shows the primary structure of human CatSper4 protein, (a) Amino 
acid sequence; the 6 putative transmembrane domains are underlined and the pore 
region is in bold. 

Figure 3 shows cladograms of the (a) murine and (b) human CatSper family. 
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pending patent applications, and other references cited herein are hereby incorporated 
by reference. In particular, the entire disclosures of U.S. Prov. Appln. Ser. No. 
60/288,402, filed May 3, 2001, U.S. Prov. Appln. Ser. No. 60/327,167, filed October 
4, 2001, U.S. Prov. Appln. Ser. No. 60/345,324, filed October 22, 2001, and PCT Intl. 
Appln. No. PCT/US02/13487, filed May 3, 2002, are incorporated herein by 
reference. 

Definitions. 

All technical and scientific terms used herein, unless otherwise defined below, 
are intended to have the same meaning as commonly understood by one of ordinary 
skill in the art; references to techniques employed herein are intended to refer to the 
techniques as commonly understood in the art, including variations on those 
techniques or substitutions of equivalent techniques which would be apparent to one 
of skill in the art. In order to more clearly and concisely describe the subject matter 
which is the invention, the following definitions are provided for certain terms which 
are used in the specification. 

As used herein, the term "CatSper4 protein" means a sperm-specific cation 
channel such as the human CatSper4 protein disclosed in SEQ ID NO: 2, human 
allelic variants of the disclosed CatSper4 protein, mammalian homologs of these 
human CatSper4 proteins, and functional equivalents thereof. The term CatSper4 
protein refers to naturally occurring proteins as isolated from sperm, recombinantly 
produced proteins from cells transformed with CatSper4 genes, and fusion proteins in 
which CatSper4 sequences are fused to N-terminal or C-terminal polypeptides. The 
term "fragment" refers to fragments of the CatSper4 proteins, such as structural 
domains and epitopes. A fragment of a CatSper4 protein comprises at least six amino 
acid residues. 

As used herein, the term "CatSper4 gene" means a gene encoding a CatSper4 
protein, including the human CatSper4 protein disclosed in SEQ ID NO: 2, human 
allelic variants of the disclosed CatSper4 protein, mammalian homologs of these 
human CatSper4 proteins, and functional equivalents thereof. The term CatSper4 
gene refers to both naturally occurring genes as isolated from genomic DNA, and 
recombinantly produced genes in which the CatSper4 coding regions are operably 
joined to either endogenous or exogenous regulatory elements, with or without intron 
sequences, and with or without 5' or 3'-flanking sequences which can encode 
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heterologous (i.e., non-CatSper4) sequences to form a CatSper4 fusion protein. A 
CatSper4 gene will include, at a minimum, a coding region encoding the protein 
operably joined to regulatory elements (e.g., promoters, enhancer) which allow 
transcription of the coding region to mRNA which can be translated into a CatSper4 
protein. 

As used herein "CatSper4" activity means any normal biological activity of a 
wild-type CatSper4 protein when expressed in a cell or cell type in which CatSper4 is 
normally expressed and under conditions under which CatSper4 is normally 
expressed. Such activity can include induction of an ion current; mediation of cAMP- 
induced Ca 2+ influx; restoration of sperm motility when expressed in CatSper4 -/- 
sperm; and/or restoration of the ability to penetrate eggs when expressed in CatSper4 - 
/- sperm. CatSper4 activity can be measured in sperm cells or spermatocytes, or in 
other cells in which any necessary accessory factors are present. 

As used herein with respect to nucleic acid and amino acid sequences, the term 
"identity" means a measure of the degree of similarity of two sequences based upon an 
alignment of the sequences which maximizes identity and which is a function of the 
number of identical nucleotides or residues, the number of total nucleotides or 
residues, and the presence and length of gaps in the sequence alignment. A variety of 
algorithms and computer programs are available for determining sequence identity 
using standard parameters. For example, Gapped BLAST or PSI-BLAST (Altschul et 
al. (1997), Nucleic Acids Res. 25:33 89-3402), BLAST (Altschul et al. (1990) J, MoL 
Biol 215:403 -410), and Smith- Waterman (Smith et al. (1981), 7. MoL Biol 147: 195- 
197). As used herein, percent identity is based upon the default values for the BLAST 
algorithms. 

As used herein, the term "homolog" means a protein which is evolutionarily- 
related to and shares substantial, conserved structural and functional similarity with a 
reference protein, but which is present in a different species (e.g., human, rat, and 
insect CatSper4 proteins are homologs of each other). 

As used herein, the term "mutation" refers to a change in a nucleic acid 
sequence, whether or not expressed as a change in a corresponding encoded protein 
sequence, relative to some reference sequence. The reference sequence can be a 
"wild-type" sequence (i.e., one or more high frequency sequences in a population 
corresponding to a "normal" phenotype), or any other sequence. As used herein, the 
term mutation is intended to be synonymous with the term polymorphism, and 
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therefore the differences between any two non-identical sequences can be regarded as 
mutations. The term mutation is intended to encompass insertions, deletions and/or 
substitutions of one or more nucleotides relative to a reference sequence. 

As used herein, the terms "exogenous" or "heterologous" mean, with respect to 
two or more genetic sequences, that the genetic sequences do not occur in the same 
physical relation to each other in nature and/or do not naturally occur within the same 
genome. For example, a genetic construct can include a coding region which is 
operably joined to one or more regulatory elements, and these sequences are 
considered heterologous to each other if they are not operably joined in nature and/or 
they are not found in the same genome in nature. Similarly, a genetic construct which 
is introduced into a cell is considered heterologous to that cell to the extent that it 
contains genetic sequences not found in that cell. In addition, a synthetically- 
produced genetic sequence based upon a naturally occurring sequence, will be 
heterologous to the naturally-occurring sequence to the extent codons have been 
altered and the synthetic sequence does not exist in nature. Allelic variants of a 
sequence in a species are not considered heterologous to each other. 

As used herein, the term "operably joined" refers to a covalent and functional 
linkage of genetic regulatory elements and a genetic coding region which can cause 
the coding region to be transcribed into mRNA by an RNA polymerase which can 
bind to one or more of the regulatory elements. Thus, a regulatory region, including 
regulatory elements, is operably joined to a coding region when RNA polymerase is 
capable under permissive conditions of binding to a promoter within the regulatory 
region and causing transcription of the coding region into mRNA. In this context, 
permissive conditions would include standard intracellular conditions for constitutive 
promoters, standard conditions and the absence of a repressor or the presence of an 
inducer for repressible/inducible promoters, and appropriate in vitro conditions, as 
known in the art, for in vitro transcription systems. 

As used herein, the term "expression" refers to the process by which a coding 
sequence of a gene is transcribed into a primary mRNA transcript, the primary mRNA 
transcript is processed into a mature mRNA, and the mature mRNA is translated into a 
protein. Expression can optionally include post-translation modifications of the 
resulting polypeptide. 

As used herein, the phrase "genetic construct encoding a CatSper4 protein" 
means a recombinant DNA, RNA, or nucleic acid analog molecule which includes a 
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General Considerations * 

The present invention depends, in part, upon the identification, isolation and 
characterization of a cation channel protein which is expressed in sperm cells, but not 
in other tissues tested, and which plays a significant role in the motility of sperm and 
their ability to fertilize ova. The protein has been designated CatSper4 to indicate that 
it is the fourth Cation channel which is Sperm -specific to be identified. 

The CatSper4 gene encodes six transmembrane domains and a pore region. 
The gene product is exclusively expressed in the testis and not in other tissues such as 
the heart, brain, spleen, lung, liver, skeletal muscle, or kidney. In sperm, the channel 
is localized primarily to the tail's principal piece, not the head or midpiece. 

Agonists and antagonists of the activity of the CatSper4 protein can modulate 
sperm motility and, therefore, can be used to treat infertility or as male and female 
contraceptives. In particular, CatSper4 represents an excellent target for non- 
hormonal contraceptives for both males and females, including humans and other 
mammals. Identification of the CatSper4 gene and protein also presents new targets 
for the diagnosis and treatment of infertility, and thus provides for new assays for the 
identification of compounds that can modulate fertility. 

CatSper4 Nucleic Acids . 

In one aspect, the present invention provides nucleic acid molecules, or nucleic 
acid analogs, encoding the CatSper4 proteins, or useful fragments thereof. The full 
length cDNA of the human CatSper4 gene is disclosed as SEQ ID NO: 1. The full- 
length cDNA sequence of a murine homolog is disclosed as SEQ ID NO: 3. The 5* 
regulatory region of a human allele, including 6358 bases extending 5' from the 
translational start codon, is disclosed as SEQ ID NO: 5. The 5* untranslated region of 
this human allele is disclosed as SEQ ID NO: 6. The 3' untranslated region of this 
human allele, including 72 bases extending 3' from the translational termination 
codon, is disclosed as SEQ ID NO: 7. 

Nucleic acid molecules of the invention can be DNA or RNA molecules, or 
hybrid DNA-RNA molecules. The nucleic acid analogs of the invention can be any of 
those known in the art, such as peptide nucleic acids, analogs including modified 
bases (e.g., 2 , -halogeno-2-dexynucleosides) and/or analogs including modified 
internucleoside linkages (e.g., phosphorothioate linkages), which are useful in 
applications such as in vitro translation or antisense technologies. In the remainder of 
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this disclosure and the appended claims, whenever the term "nucleic acids" is used, 
the term is intended to embrace nucleic acid analogs when such analogs would be 
useful or suitable in the context of the usage. The nucleic acids can be sense 
molecules corresponding to all or a portion of a CatSper4 gene sequence, or can be 
antisense molecules which are complementary to all or a portion of a CatSper4 gene 
sequence. The nucleic acids can be derived from or correspond to genomic DNA or 
cDNA, or can be synthetic molecules based upon a CatSper4 protein sequence and the 
genetic code (e.g., synthetic nucleic acids which reflect the codon usage preferences in 
the host cells used in an expression systems). 

In some embodiments, the CatSper4 nucleic acids comprise the entire coding 
region of a CatSper4 gene (e.g., SEQ ID NO: 1 or SEQ ID NO: 3). Such nucleic acids 
can be used to produce genetic constructs for transformation of cells, or for in vitro 
transcription and translation systems. Such nucleic acids can also be used as probes in 
hybridization assays to detect CatSper4 sequences in samples of other nucleic acids. 

In other embodiments, subsets of the CatSper4 nucleic acid sequences are 
provided for use as primers for nucleic acid amplification reactions, as probes in 
hybridization assays to detect CatSper4 sequences in samples of other nucleic acids, or 
as probes to distinguish normal or wild-type sequence from abnormal or mutant 
sequences. In these embodiments, the nucleic acids of the invention comprise at 10, 
preferably at least 12, more preferably at least 14 and most preferably at least 16 
consecutive nucleotides selected from a CatSper4 sequence such as SEQ ID NO: 1. 
Depending upon the nature of the application, it may be preferable to choose CatSper4 
sequences which will have unique targets, or which are expected to have unique 
targets, within a sample being probed or amplified. Thus, for example, sequences 
which aire longer and sequences which do not include frequently repeated elements 
(for example, polyadenylation signals) are more likely to be uniquely represented 
within any given sample. For purposes of choosing primers for amplification 
reactions, sequences of at least 15, and preferably 18-25 nucleotides are preferred. 

In certain preferred embodiments, nucleic acids are provided which encode 
structural domains of a CatSper4 protein, or which encode fragments of the protein 
which can serve as epitopes for the generation of antibodies. Thus, for example, 
preferred nucleic acids include those encoding the transmembrane domains of the 
CatSper4 proteins (i.e., approximately residues 46-75, 86-98, 108-137, 155-202, 209- 
233 and 242-272 of SEQ ID NO: 2, approximately residues 48-73, 81-111, 113-134, 



16 



WO 2004/015066 




PCT7US2003/024359 



156-204, 208-233 and 245-273 of SEQ ID NO: 4, and allelic variants and homologs 
thereof), encoding the extracellular loops between transmembrane domains (i.e., 
approximately residues 76-85, 138-154 and 234-242 of SEQ ID NO: 2, approximately 
residues 74-80, 135-155 and 234-244 of SEQ ID NO: 4, and allelic variants and 
homologs thereof), or encoding the pore region (i.e., approximately residues 222-231 
of SEQ ID NO: 2, approximately residues 222-231 of SEQ ID NO: 4, and allelic 
variants and homologs thereof). Other preferred nucleic acid acids include those 
encoding epitopes of the CatSper4 proteins having high predicted antigenicity, as 
identified by standard sequence analysis techniques described below. Thus, for 
example, preferred nucleic acids include those encoding sequences within a high 
predicted antigenicity epitope of SEQ ID NO: 2, or within a high predicted 
antigenicity epitope of SEQ ID NO: 4, and allelic and mammalian homologs thereof. 

In certain embodiments, nucleic acids are provided which encode polypeptides 
have at least 80%, and preferably at least 85%, 90% or 95% amino acid sequence 
identity with at least a structural domain of a CatSper4 protein. Thus, in some 
embodiments, a nucleic acid is provided which encodes a polypeptide having at least 
80%, 85%, 90% or 95% amino acid sequence identity with a transmembrane domain 
of a CatSper4 proteins (e.g., approximately residues 46-75, 86-98, 108-137, 155-202, 
209-233 and 242-272 of SEQ ID NO: 2, approximately residues 48-73, 81-1 11,113- 
134, 156-204, 208-233 and 245-273 of SEQ ID NO: 4, and allelic variants and 
homologs thereof), an extracellular loop between transmembrane domains (e.g., 
approximately residues 76-85, 138-154 and 234-242 of SEQ ID NO: 2, approximately 
residues 74-80, 135-155 and 234-244 of SEQ ID NO: 4, and allelic variants and 
homologs thereof), or a pore region (e.g., approximately residues 222-23 1 of SEQ ID 
NO: 2, approximately residues 222-231 of SEQ ID NO: 4, and allelic variants and 
homologs thereof). In some preferred embodiments, nucleic acids are provided 
encoding a polypeptide having at least 80%, 85%, 90% or 95% amino acid sequence 
identity with a CatSper4 protein and having CatSper4 activity. The ability of a protein 
to exhibit CatSper4 activity can be measured by its ability to complement a CatSper4 - 
/- mutant (e.g., a CatSper4 knock-out mutant) and restore a normal or CatSper4 +/+ 
phenotype (e.g., to restore sperm motility) in a cell otherwise capable of expressing 
CatSper4 activity (e.g., a sperm cell from the CatSper4 -/- mutant). 

In other embodiments, isolated nucleic acids are provided which include a 
nucleotide sequence that hybridizes to at least a portion of a CatSper4 coding 
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sequence (e.g., SEQ ID NO: 1 or SEQ ID NO: 3) under stringent hybridization 
conditions. Such conditions include hybridizations employing a wash step of 1 .0 x 
SSC at 65°C, and equivalents thereof. More stringent conditions can include wash 
steps of 0.5 x SSC, 0.2 x SSC, or even 0.1 x SSC. Other equivalently stringent 
conditions are well known in the art. See, e.g., Ausubel et al., eds. (1989), Current 
Protocols in Molecular Biology, Vol. I, John Wiley & Sons, Inc., New York. In 
preferred embodiments, the nucleic acid encodes a polypeptide having CatSper4 
activity. 

In another aspect, the invention provides nucleic acids, either isolated or 
existing within cells, in which a nucleotide sequence encoding a polypeptide having 
CatSper4 activity is operably joined to a heterologous regulatory region such that the 
CatSper4 sequence is expressed. Thus, in certain embodiments, a heterologous 
regulatory region can be inserted into a chromosome such that it is operably joined to 
an endogenous CatSper4 sequence. In some embodiments, the polypeptide has at 
least 80%, 85%, 90% or 95% amino acid sequence identity with an amino acid 
sequence of SEQ ID NO: 2 or 4. In other embodiments, the nucleic acid encoding the 
polypeptide hybridizes to at least a portion of a nucleic acid of SEQ ID NO: 1 or SEQ 
ID NO: 3 under conditions including a wash step of 1.0 x SSC at 65°C, 0.5 x SSC, 0.2 
xSSC.orO.lxSSC. 

In certain embodiments, the nucleic acids of the invention encode polypeptides 
including a CatSper4 sequence of at least 50 amino acid residues in length, and 
preferably at least 100, 200 or 300 amino acid residues in length. These polypeptides 
can include a CatSper4 sequence which includes at least one transmembrane domain, 
at least one extracellular loop domain, at least a pore region, or combinations thereof. 
In some preferred embodiments, the polypeptide has CatSper4 activity. Such activity 
can include induction of ion current; mediation of cAMP-induced Ca 2+ influx; 
restoration of sperm motility when expressed in CatSper4 -/- sperm; and/or restoration 
of the ability to penetrate eggs when expressed in CatSper4 -/- sperm. 

In another aspect, the invention provides kits for detecting at least a portion of 
a CatSper4 nucleic acid (i.e., CatSper4 genomic DNA, mRNA, cDNA or 
amplification products thereof). The kits include an isolated nucleic acid of the 
invention as a probe and means for detecting the probe. The means for detecting the 
probe can be a detectable label bound to the probe or a secondary nucleic acid probe 
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and are commercially available. Examples include, but are not limited to, the lacZ and 
luciferase genes. 

Useful CatSper4 regulatory elements include sequences having at least 80% 
nucleotide identity to at least 100 consecutive nucleotides selected from SEQ ID NO: 
5, preferably at least 200 consecutive nucleotides, and more preferably at least 300- 
500 consecutive nucleotides. Useful regulatory elements will retain the ability to 
promote transcription of a coding sequence operably joined to the element in a 
mammalian cell in which a CatSper4 gene is expressed. In particular, useful 
regulatory elements will retain the ability to promote transcription in cells in which the 
CatSper4 gene from which the element was derived is expressed, or in which a 
homolog of that CatSper4 gene is expressed. 

Transformed Cell Lines . 

In another aspect, the present invention provides cell lines transformed with 
the nucleic acid molecules of the invention. Such cell lines can simply propagate 
these nucleic acids (e.g., when transformed with cloning vectors) or can express the 
polypeptides encoded by these nucleic acids (e.g., when transformed with expression 
vectors). Such transformed cell lines can be used to produce the CatSper4 proteins 
and CatSper4 fragments of the invention, or can be used in assays to screen for 
compounds that enhance, repress, agonize, or antagonize CatSper4 expression or 
activity. 

The transformed cells can be produced by introducing into a cell an exogenous 
nucleic acid or nucleic acid analog which replicates within that cell, that encodes a 
polypeptide sequence which is expressed in that cell, and/or that is integrated into the 
genome of that cell so as to affect the expression of a genetic locus. The 
transformation can be achieved by any of the standard methods referred to in the art as 
transformation, transfection, transduction, electroporation, ballistic injection, and the 
like. The method of transformation is chosen to be suitable to the type of cells being 
transformed and the nature of the genetic construct being introduced into the cells. 

Preferred cell lines for transformation include bacterial cells (e.g., Escherichia 
coli), yeast cells (e.g., Saccliaromyces cerevisiae), insect cells (e.g., Drosophila 
melanogaster Schneider cells), nematode cells (e.g., Caenorhabditis elegans), 
amphibian cells (e.g., Xenopus oocytes), rodent cells (e.g., Mus musculus (e.g., murine 
3T3 fibroblasts), Rattus rattus, Chinese Hamster Ovary cells (e.g., CHO-K1)), and 
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provided having at least 80%, 85%, 90% or 95% amino acid sequence identity with a 
transmembrane domain of a CatSper4 proteins (e.g., approximately residues 46-75, 
86-98, 108-137, 155-202, 209-233 and 242-272 of SEQ ID NO: 2, approximately 
residues 48-73, 81-111, 113-134, 156-204, 208-233 and 245-273 of SEQ ID NO: 4, 
and allelic variants and homologs thereof), an extracellular loop between 
transmembrane domains (e.g., approximately residues 76-85, 138-154 and 234-242 of 
SEQ ID NO: 2, approximately residues 74-80, 135-155 and 234-244 of SEQ ID NO: 
4, and allelic variants and homologs thereof), or a pore region (e.g., approximately 
residues 222-231 of SEQ ID NO: 2, approximately residues 222-231 of SEQ ID NO: 
4, and allelic variants and homologs thereof). In some preferred embodiments, 
polypeptides are provided having at least 80%, 85%, 90% or 95% amino acid 
sequence identity with a CatSper4 protein and having CatSper4 activity. The ability 
of a protein to exhibit CatSper4 activity can be measured by its ability to complement 
a CatSper4 -/- mutant (e.g., a CatSper4 knock-out mutant) and restore a normal or 
CatSper4 +/+ phenotype (e.g., to restore sperm motility) in a cell otherwise capable of 
expressing CatSper4 activity (e.g., a sperm cell from the CatSper4 -/- mutant). 

In certain embodiments, the polypeptides of the invention include a CatSper4 
sequence of at least 50 amino acid residues in length, and preferably at least 100, 200 
or 300 amino acid residues in length. These polypeptides can include a CatSper4 
sequence which includes at least one transmembrane domain, at least one extracellular 
loop domain, at least a pore region, or combinations thereof. In some preferred 
embodiments, the polypeptide has CatSper4 activity. Such activity can include 
induction of ion current when expressed in a cell (e.g., an oocyte); mediation of 
cAMP-induced Ca 2+ influx; restoration of sperm motility when expressed in CatSper4 
-/- sperm; and/or restoration of the ability to penetrate eggs when expressed in 
CatSper4 -/- sperm. 

Antibodies Against CatSper4 Proteins and Polypeptides . 

In another aspect, the present invention provides substantially pure 
preparations of antibodies against the CatSper4 proteins, and methods of making such 
antibodies. In particular, the invention provides antibodies raised against CatSper4 
epitopes having high predicted antigenicity, which therefore will selectively bind to 
and, thereby, isolate or identify wild type and/or variant forms of the CatSper4 
proteins. 
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The antibodies can be raised against the full-length CatSper4 proteins, against 
fragments of the CatSper4 proteins, or using any CatSper4 epitope which is 
characteristic of the proteins and which substantially distinguishes them from other 
proteins. In preferred embodiments, the epitope is a protein sequence of at least 6-12, 
preferably 10-20, more preferably 15-30 consecutive amino acid residues of a 
CatSper4 protein. In particular embodiments, the antibodies are raised against 
CatSper4 epitopes selected from sequences within a high predicted antigenicity 
epitope of SEQ ID NO: 2, or within a high predicted antigenicity epitope of SEQ ID 
NO: 4. Other preferred epitopes include allelic and mammalian homologs of these 
epitopes. Epitopes having a high predicted antigenicity were identified by prediction 
of hydrophobicity, surface probability and antigenic index using standard programs, 
including GCG and MacVector (Genetics Computer Group, University of Wisconsin 
Biotechnology Center, Madison, WI; Accelrys Inc., San Diego, CA). See also, 
Jameson and Wolf (1988), Comput. Appl. Biosci. 4:181-186. 

CatSper4 immunogen preparations can be produced from crude extracts (e.g., 
microsomal fractions of cells expressing the proteins), from proteins or peptides 
substantially purified from cells which naturally or recombinantly express them or, for 
small immunogens, by chemical peptide synthesis. The CatSper4 immunogens can 
also be in the form of a fusion protein in which the non CatSper4 region is chosen for 
its adjuvant properties and/or the ability to facilitate purification. 

The antibodies of the invention can be polyclonal or monoclonal, or can be 
antibody fragments, including Fab fragments, F(ab*)2 fragments, Fv fragments, and 
single chain Fv fragments (scFv). In addition, after identifying useful antibodies by 
the method of the invention, recombinant antibodies can be generated, including any 
of the antibody fragments listed above, as well as chimeric and/or humanized 
antibodies based upon non-human antibodies to the CatSper4 proteins. In light of the 
present disclosure of CatSper4 proteins, as well as the characterization of other 
CatSper4 proteins enabled herein, one of ordinary skill in the art can produce the 
above-described antibodies by any of a variety of standard means. For an overview of 
antibody techniques, see Antibody Engineering, 2nd Ed., Borrebaek, ed., Oxford 
University Press, Oxford (1995). 

As a general matter, monoclonal anti-CatSper4 antibodies can be produced by 
first injecting a mouse, rabbit, goat or other suitable animal with a CatSper4 
immunogen in a suitable carrier or diluent. Carrier proteins or adjuvants can be 
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fragments such as Fab fragments, F(ab , ) 2 fragments, Fv fragments, and single-chain 
Fv fragments (ScFv), also can be used to inhibit CatSper4 activity by binding to 
extracellular domains of the protein and thereby block its activity. 

Because most repressors or antagonists of CatSper4 expression or activity will 
be reversible or will affect only mature sperm, the effects of such compounds on 
fertility will be reversible because the molecules will be cleared from the body over 
time and new sperm are constantly being produced. Thus, repressors or antagonists of 
CatSper4 expression or activity can be used as human contraceptives because they can 
cause reversible infertility. Such contraceptives can be taken orally or parenterally 
(e.g., injection, transdermal patch, or bioerodable implant) by females if they achieve 
sufficient concentrations in the vagina, uterus or fallopian tubes to effectively inhibit 
CatSper4 activity and thereby decrease sperm motility and the ability of sperm to 
penetrate the ZP. Similarly, such contraceptives can be taken orally or parenterally by 
males if they achieve sufficient concentration in the testes or seminal fluids to 
effectively inhibit CatSper4 expression or activity, and thereby decrease sperm 
motility and the ability of sperm to penetrate the ZP. Alternatively, such compounds 
can be formulated into lubricants, moisturizers, foams or jellies for use with 
prophylactics, cervical caps, or contraceptive vaginal sponges, foams or jellies. 

In another series of embodiments, repressors or antagonists of CatSper4 genes 
and proteins can be used as contraceptives to treat non-human mammals. These 
embodiments are similar to those described above for human contraception. Such 
contraceptives can be used with respect to domesticated animals that are maintained as 
pets, with respect to other commercially valuable domesticated animals (e.g., cows, 
sheep, horses), or with respect to animal nuisances (e.g., mice, rats, raccoons, 
gophers). In some embodiments, the contraceptives are orally available and can be 
mixed into food sources for the animals. In other embodiments, the contraceptives 
can be administered parenterally (e.g., injection, transdermal patch, or bioerodable 
implant). 

To the extent that the mammalian CatSper4 genes and proteins and the fish, 
amphibian and insect homologs of the CatSper4 genes and proteins share substantial 
sequence identity, repressors or antagonists of mammalian CatSper4 genes and 
proteins can also be used in the control of fish, amphibian and insect nuisances (e.g., 
mosquitoes). In addition, the non-mammalian homologs of the CatSper4 genes and 
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proteins can be used to identify additional repressors and antagonists which are more 
specific or effective for such homologs. 

Methods of CatSper4 Genotvping and Diagnosing CatSper4-Related Disorders . 

In another aspect, the present invention provides methods for genotyping 
subjects with respect to the CatSper4 gene, and diagnosing CatSper4-related disorders 
such as infertility. Thus, for example, the CatSper4 nucleic acids (or a portion 
thereof) of a subject can be tested to ascertain whether that subject's CatSper4 
genotype includes any mutations in the sequences relative to wild-type. Of particular 
significance would be mutations which introduce termination or frame-shift mutations 
that prevent the production of functional CatSper4 proteins. Point mutations, 
however, can also be identified which cause decreased CatSper4 activity. Similarly, 
the antibodies of the present invention can be used to test the sperm of a subject to 
determine the presence or level of CatSper4 proteins. Of particular note would be an 
absence or significant decrease in the level of CatSper4 protein. Point mutations, 
however, can also cause infertility and can be detected by antibodies which are 
specific for epitopes including or affected by the mutant sequences. Determination of 
a subject's CatSper4 genotype can be used for genetic or reproductive counseling, or 
for diagnosing infertility that results from a CatSper4 defect. 

To determine a subject's CatSper4 genotype, or for diagnosing a CatSper4- 
related disorder, the nucleic acids of the invention can be used as primers in 
polymerase chain reaction (PCR) (e.g., anchor PCR or RACE PCR ), or ligase chain 
reaction (LCR) amplifications of the subject's DNA/mRNA. See, e.g., U.S. Pat. No. 
4,683,195 and U.S. Pat. No. 4,683,202; Landegran et al. (1988), Science 241:1077- 
1080; Nakazawa et al. (1994), Proc. Natl. Acad. ScL USA 91:360-364; and Abravaya 
et al. (1995), Nucleic Acids Res. 23:675-682. Other useful methods for amplifying a 
subjects DNA/mRNA using the nucleic acids of the invention include self-sustained 
sequence replication (e.g., Guatelli et al. (1990), Proc. Natl Acad. Sci. USA 87: 1874- 
1878), transcriptional amplification (e.g., Kwoh et al. (1989), Proc. Natl. Acad. Sci. 
USA 86:1173-1177), and Q-Beta Replicase-based systems (e.g., Lizardi et al. (1988), 
Bio/Technology 6:1197. The presence, absence or size of the resulting amplification 
products (e.g., Saiki et al. (1986), Nature 324:163; Saiki et al. (1989), Proc. Natl. 
Acad. Sci. USA 86:6230; Gibbs et al. (1989), Nucleic Acids Res. 17:2437-2448; 
Prossner (1993), Tibtech 1 1:238; Gasparini et al. (1992), Mol. Cell Probes 6: 1; Barany 
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(1991), Proc. Natl Acad. ScL USA 88:189), direct sequencing of the amplification 
products (e.g., Maxim and Gilbert (1977), Proc. Natl Acad. ScL USA 74:560; Sanger 
(1977), Proc. Natl Acad. ScL USA 74:5463), and other standard analytic techniques 
can be employed to determine CatSper4 genotypes- The amplified products can also 
be used in many of the techniques described below. 

The nucleic acids of the invention also can be used as probes in hybridization 
and/or conformation-based assays to identify complementary or imperfectly 
complementary sequences in a subject. 

For example, in some embodiments, mutations can be identified by selectively 
hybridizing sample nucleic acids to immobilized control nucleic acids. The controls 
can be adsorbed to filters or columns, or can be arranged in high density ordered 
arrays containing hundreds or thousands of oligonucleotides probes (see, e.g., Cronin 
et al. (1996), Human Mutation 7:244-255; Kozal et al. (1996), Nature Medicine 2:753- 
759). 

In other embodiments, enzymatic or chemical cleavage can be employed to 
cleave or restrict duplexes of sample and control sequences at mismatched bases (e.g., 
Myers et al. (1985), Science 230:1242). For example, RNA/DNA duplexes can be 
treated with RNAse and DNA/DNA hybrids can be treated with SI nuclease to digest 
duplexes at mismatched bases, G/A mismatches are cleaved at the A by the E. coli 
mutY enzyme, G/T mismatches are cleaved at the T by the human thymidine DNA 
glycosylase (see, e.g., Hsu et al. (1994), Carcinogenesis 15:1657-1662). Chemical 
cleavage of mismatches can be employed using, for example, hydroxylamine, osmium 
tetroxide and/or piperidine. See generally, e.g., Cotton et al. (1988), Proc. Natl. Acad. 
Sci. USA 85:4397; Saleeba et al. (1992), Methods EnzymoL 217:286-295; and U.S. 
Pat. No. 5,459,039. 

In other embodiments, mutations can create or destroy specific sequences 
which serve cleavage points for restriction enzymes or ribozymes. Thus, restriction 
fragment length polymorphism (RFLP) analysis can be employed in which (amplified) 
sample DNA is digested with at least one restriction endonuclease, and the resulting 
fragment lengths are analyzed and compared to controls to determine the presence or 
absence of mutations which affect the pattern of restriction fragment lengths.. 
Similarly, sequence-specific ribozymes can be used to identify mutations that create or 
destroy ribozyme cleavage sites. See, e.g., U.S. Pat. No. 5,498,531. 
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In other embodiments, mutations can be detected by their effect on the 
electrophoretic mobility of a sequence, either as a single-stranded nucleic acid or as 
duplex. For example, single-strand conformation polymorphism (SSCP) analysis 
(Orita et aL (1989), Proc. Natl Acad. Sci. USA 86:2766; Cotton (1993), Mutat. Res. 
285:125-144; Hayashi (1992), Genet Anal. Tech. Appl. 9:73-79; and Keen et aL 
(1991), Trends Genet 7:5). denaturing gradient gel electrophoresis (DGGE) (Myers et 
al. (1985), Nature 313:495). and temperature gradient gel electrophoresis (Rosenbaum 
and Reissner (1987), Biophys. Chem. 265:12753) can be employed. 

These and other methods of detecting mutations in the CatSper4 genes and 
proteins will be apparent to one of ordinary skill in the art based upon the nucleic acid 
and protein sequences disclosed herein. 

In Vitro Fertilization. 

In another aspect, the present invention provides a method of in vitro 
fertilization of ova by sperm characterized by decreased CatSper4 expression or 
activity. It has previously been shown that CatSperl -deficient sperm appear to be 
normal in all respects except in their motility and their ability to penetrate the ZP. 
Moreover, CatSperl -deficient sperm are capable of fertilizing ova from which the ZP 
has been removed. It is expected that CatSper4-deficient sperm will have similarly 
reduced motility and ability to fertilize ova with intact ZPs. Thus, the present 
invention provides a method of in vitro fertilization for CatSper4-deficient males in 
which the sperms of such males are treated to overcome the CatSper4 deficiency or 
are contacted with ova from which the ZP have been removed. Because other genetic 
deficiencies can result in sperm which are incapable of penetrating the ZP, this 
method can be extended to other males having genetic deficiencies which affect ZP- 
penetration or for which in vitro fertilization previously has been unsuccessful using 
ova with intact ZPs. 

Methods of Treating CatSper4-Mediated Infertility . 

In another aspect, the present invention provides methods of treating infertility 
in CatSper4-deficient males, in which an enhancer of CatSper4 expression or an 
agonist of CatSper4 activity is administered to the subject. In other embodiments, 
gene or protein therapy can be employed to provide the CatSper4 gene or protein to 
sperm (or sperm progenitors) which are deficient in the CatSper4 gene or protein. For 
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effective .0 inhibit the anti-Ca<Sper4 anybodies and thereby inhibit or reduce the 
antibody-mediated infertility. 

t^cWss Methods Re'"^"ff to CatSoer4. 

to another aspect, the present invention provides a method of conducting a 
drug discovery business comprising: identifying, by the assays of Ore invention, one or 
m ore agents which antagonize CatSper4 activity; derenmning if an agent identified u, 
such an assay, or an analog of such an agent, inhibits a. least one of sperm motihry or 
egg penetrance; conducUng therapeutic profiling of an agent identified as an 
antagonist for efficacy and toxicity in one or tuore annua! models; and formulating a 
phanuaceutica. preparation incinding one or more antagonist agents identtfied as 
having an acceptable therapeutic profile. 

in one embodiment, the drug discovery business further inclndes the step of 
establishing a system for distributing the pharmaceutical preparation for sale, and can 
optionally include establishing a sales group for meeting the pharmaceuucal 
preparation. 

In another aspect, the present invention provides a method of conducrtng a 
drug discovery business comprising: identifyiug, by the subject assay, one or more 
agents which agonize CatSper4 activity; determining if an agent identified in such an 
assay, or an analog of snch an age* increases at leas, one of sperm motility or egg 
penetrance; conducting therapeutic profiling of an agen, identified as an agontat for 
efficacy and toxicity in one or more anima! models; and formulating a pharmaceuucal 
preparation including one or more agents identified as having an acceptable 
therapeutic profile. 

In certain embodiments, the drug discovery business further includes the step 
of establishing a system for distributing the pharmaceutical preparation for sale, and 
can optionally include establishing a sales group for marketing the pharmaceutical 
preparation. 

In certain embodiments, the assay to identify agents which agonize Ca.Sper4 
activity is conducted using wild type CatSper4. In another embodiment, the assay to 
identify agents which agoaize Ca.Sper4 activity is conducted using a mutant 
CatSpem. By a mutant CatSp=r4 is mean, to include a CatSper4 polypeptide 
containing one or more insertions, deletions, or substitutions in amino ac.d sequence, 
wherein said insertions, deletions, or substitutions change the activity of the mutant 
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in activity would also include a change in the proper 

CatSper4 protein or mRNA. conducting a 

reproductive — J de(erminin g i(saM 

penance; perfornung . *» -*» ^ a 

• , ;« Jnrr^asine at least one of sperm motuuy or cg B v 

■ i^bv.phvsiciantoevaluateimptovementmfemuty. Such 
patient is monitored by a physt following the 

evaluation can inciude exantinaUon of sperm at reguiar interv _ 

egg penetrance. ^^^""T^" Factors fo consider 

„ the patient s schedule an con*^ • - « ^ appointments 

patient is attempting .0 father an <m » , he 
cm be conducted weekly, setm-weekly. or monthly. In 

preparation inhibits the activity of CatSper4, prov nharmaC eutical 

i_ a juration of an amount of said pharmaceutic 
health care providers for the adnumstratxon of a 

• uiui* *h<» activity of CatSper4, wherein saiu « 
preparation effective to inhibit the activity 01 

is sufficient to prevent pregnancy. 
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.nethods are My to have subsranrial effects. These stde eff 
activity of CatSper4 can be adnunisterea toy 

Throngh a drug discovery business, one or more agents wm 
„ .To^Snicanbeidentuleo. By antagonize the activity is mean- » 
ebeacnvrtyofC^can Such a decrease in activity can 

*— • ta Wh ° ,e " m * LToI f sperm motUiry, egg peneriance, or cation 
be measured by examining at least one oispc 

Lport The terms decrease and antagonize will he used mrerchangeably 
T— . embodiments, .he iniriany idenrifled C,Sper4 agonis. or anugonist 

eanhes^^^oP^-^^^^^rr 
^IpLndso.ha.p-ncyandac^a.main^nedbu.ba.ancedwrm 

important pharmacological characteristics inclndtng: 

• Solubility 

• Permeability 

• Bioavailability 



Toxicity 
Mutagenicity 



- — disrtibntion, metabolism, e— n o f 

parameters hsted above. These modiricarions however, ««.«-» 
of a lead componnd is poor, changes can be made to the mole 
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tapro ve soluMHy, ^ „ determine the effect of the change 

^uey and M SAR da. are <h modffications and 

S AR data, a balance is created betwe 

porency and activity of the ^ mo s, them be tested for 

Candidate antagonists, or coupon ^ „ 

eJnploy ed in tbe pbaxmacenttca! ^ must to completed to 

extenS ive,herape„UcprofiU„g(e. 6 ..P^ ^ testiDg establishes a 

es^bUsbinitiaipaxametersforsaferyan absorption , dis uibndon, 

m cchanism of action for tbe drug, ^ ^ ^ (that is , „ test tubes, 

^Usm, and elimination ^ s . used to aasess whether 

.eaters, perri disbes, etc.) and in an.m* . ^ ^ „ „ 

aduunisteredtotestrhe drugs efficacy, 

devaluate toxicity. „ „«! reeogrto tbat rhe idendfleation of a 

Brteny, one of sVdU in tbe ta a ^ base, screen is a « 

candidate agent which amagon*e* ^ a ^ agent. 

Administration of an amount of amp ^ M contta cepdve agent) must be 
successfully prevent pregnancy (r.e.,« routuwly used in the art, help . o 

^aafeandeffecrive. ^^^l^utialpharmaceudcal. mure 
address concerns of the safety and tfta* t utte al preparatron 

.pecifrc ease of a CatSper* anragonr, e f*^ ^ ^ ^ „ 

c00ld be readily evaluated in a mouse or ra m ^ ^ ^ 

scheuulea-Coanolmatendcecanbead^r J lacing said maie inro cages 
atone). Themalem.ceare.heuallowed.oma Give „ ,he effreae, o, 
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+in TM-nfiline includes toxicity testing 
lnoneembodiment,mestepoftherapeuucprofilmgm 

*— • to — ' ^ s— based o„ efficacy, safery - 

pharmacokinetic profiles, meg n nip f'lND") 

. • * tn filing of Investigational New Drug (. unu ) 

hear, failure, ventricular dysfunction. SA node or AV conduce 

By toxicity pro g phaima ce»tical preparation is 

effecrs wnich may oeeur when an «*™^LJ.~* fc detenninMion of 

•ioKi^ f r^atments For example, the term cant^i r 
: r X » mis-re^ed cel. grow*, proliferation, and differentrauon. 
nZT2« are pJL* devastating diseases wnicn cause severe paan, 
TT ItlT.heeJledussne.anddea.n. Chen^rapeudc drugs are an 

u tivraneutics themselves can have serious side-effects inciuoing 
chemotherapeutics considered acceptable given the 

nausea, weight-loss, and sterility, such side-effects ar 

severity of the disease they aim to treat. ^ ^ 

In contrast, however, most currently available forms of bnt . 

have significant side-effects. Thus, a pharmaceutical preparation of a CatSper4 
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i a ^ff^tc Toxicity tests can be 
agonist shou,d have minima, toxica - effective do ses 

antagonist with other cntion wUch „ proven sa ,e and 

effecfive in annual s«ud>es, cnn he — ^ ^ 

pharmaceutical preparations can then be marketea, 

Such male infertility issues include low sperm treatments for male- 

abnormai sperm morphology. Cutrently there are few effecttve 

associated infertility. for ma le 

in£eItility is the identification of CarSpeN A £S S ^ ^ 
to CatSper4 antagonists, agonists of the Caliper p 

fesre r porenfial side-effects than other cation channe £~ ^ 

M^-^^^rev^tl^^agonls, 
^.yasdetaUedfotO-S^-. j££J^ . ^y.wenofe 
„ iU increase one or more of sperm motrhty or gg pe ^ ^ 

W M type CatSpem. In addnron, or altemattve>y ^ ^ 

a^ofamutantCatSpe*. Oneormore ^ whi ch are 

— — "rr^^SHd Japhatmacerrfiea! 
shown to be safe and effective in animal studies ar 



preparation. 
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We note that said Ca«Sper4 agonic are no, likely to be effective for bearing 
aU maie fertility problem, However, it is expected that some undetermmed 
percentage of male fertility problems win be anaenabm to tieatinen. using agents* of 

in poor sperm motility is likely due to mutations in CatSperf. Given mat CaSperd . 
expressed speciftcaJly in sperm, males possessing such a mutation would be expected 
„ have little or no additiona! medical problems, and mis explains in part wh, 
infertility is often found in otherwise healthy men. Additiona,*, a CatSperd agomst 
can improve spenn motility overall, and thus help compensate for poor sperm motrltty 
due to other unrelated causes. 

,-„„H.,„ti„, a Bastateaiys 

A phannaceuucal preparation including one or more agents whtch agomze me 
activity ofawildrype or mutant CatSperd can he useful in establishing a reproductrve 
^dicine business which provides tieamrem for Candida* male patients experrencmg 
fertility difficulties. Sperm samples provided by male patients are examined to 
determine if infertility in said male patients may he amenab.e ro treatment wnbthe 
pharmaceutical preparation. Patients whose sperm is characterized by a decrease m a. 
feast one of motility or egg penetrance may be eligible for treatment. Prror to 
varment, sperm satnp.es provided by the male patients am tested in vnro wrth me 
pharmaceutical preparation to further assess whether said male is eligrble for 
heatinent. This additional step of in v*ro testing helps to aUeviate unnecessary 
batmen, in males whose infertility is unlikely" be improved with the CatSperd 

ag<>mSt Male patients whose sperm shows increased motffity or egg penetiance in vitro 
are eligible for fertility treatment including me pharmaceutical preparation ineludmg 
on e or mom CatSperd agonist. The exact treatment regimen wi„ vary from patient to 
patient, and can be readily determined by an experienced medical professional. 
However, tire treatment regimen will include administiation of an amount of satd 
pharmaceutical preparation effective to increase at leas, one of sperm motility or egg 
penetiance in said heated male. In a preferred embodiment, the increase in sperm 
motility or egg penetrance will result m an increase in fertiltty. 
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Pharmaceutical Preparations . 

Pharmaceutically acceptable preparations comprising a therapeutically 
effective amount of one or more of the identified agents (i.e., antagonists or agonists) 
described above, formulated together with one or more pharmaceutically acceptable 
carriers (additives) and/or diluents. As described in detail below, the pharmaceutical 
compositions of the present invention can be specially formulated for administration 
in solid or liquid form, including those adapted for the following: (1) oral 
administration, for example, drenches (aqueous or non-aqueous solutions or 
suspensions), tablets, boluses, powders, granules, pastes for application to the tongue; 
(2) parenteral administration, for example, by subcutaneous, intramuscular or 
intravenous injection as, for example, a sterile solution or suspension; (3) topical 
application, for example, as a cream, ointment or spray applied to the skin; or (4) 
intravaginally or intrarectally, for example, as a pessary, cream or foam. However, in 
certain embodiments the subject compounds can be simply dissolved or suspended in 
sterile water. 

The phrase "therapeutically effective amount" as used herein means that 
amount of an agent or composition which is effective for producing some desired 
therapeutic effect, at a reasonable benefit/risk ratio applicable to any medical 
treatment. 

The phrase "pharmaceutical^ acceptable" is employed herein to refer to those 
compounds, materials, compositions, and/or dosage forms which are, within the scope 
of sound medical judgment, suitable for use in contact with the tissues of human 
beings and animals without excessive toxicity, irritation, allergic response, or other 
problem or complication, commensurate with a reasonable benefit/risk ratio. 

The phrase "pharmaceutically acceptable carrier" as used herein means a 
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid 
filler, diluent, excipient, solvent or encapsulating material, involved in carrying or 
transporting the subject antagonists from one organ, or portion of the body, to another 
organ, or portion of the body. Each carrier must be "acceptable" in the sense of being 
compatible with the other ingredients of the formulation and not injurious to the 
patient. Some examples of materials which can serve as pharmaceutically acceptable 
carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as 
corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium 
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered 
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•i ^ m ™i and sovbean oil (10) glycols, i>uui *■ 
* ° UVe 0l1, ^ °*hol n-annitol and polype *«* 0* — ■ s » Ch 

such as ^"•; 0 *"°" ^ agents , such as magnesium 

- *~ ? tZT^ii acid; 06, pyrogen-free .« 07) 
1S o.omc satae, OS) Rmge ^ pharmaceutlcal 

,ac t obio„a.e, and Uurylsmphonate salts and the Uke. (See, 
(19 77), 7. Pham, Sci. 66: 1-19.) ^ ^ 

The pharmacentioaUy acceptable salts of. J 

— — — — 

from non-toxic organic or morgaruc acrds. For p hydrobro mic, 

sulfuric, sulfamic, phosphoric, nunc, and the Uke, and . 

acids such as acetic, propionic, succinic, glycohc steartc. ^ ^ 

sulfanUic, 2-acetoxybeazo.c, fumanc, toluenesultoiu 

disulfonic, oxalic, isotonic, and thel*. ^ _ ^ 

b orher cases, ,he agents of the ^" pharma ceu.ica«y acceptable 

acidic mnctiona, groups and. rbus, are capable ~ acceptable 

--^^rr^nllUaoicandorgan.baae 
salts" in these instances refers to the relatively 
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addition salts of compounds of the present invention. These salts can likewise be 
prepared in situ during the final isolation and purification of the agents, or by 
separately reacting the purified agent in its free acid form with a suitable base, such as 
the hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable metal cation, 
with ammonia, or with a pharmaceutically acceptable organic primary, secondary or 
tertiary amine. Representative alkali or alkaline earth salts include the lithium, 
sodium, potassium, calcium, magnesium, and aluminum salts and the like. 
Representative organic amines useful for the formation of base addition salts include 
ethylamine, diethylarnine, ethylenediamine, ethanolamine, diethanolamine, piperazine 
and the like. (See, for example, Berge et al. (1977), supra) 

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, release agents, coating agents, 
sweetening, flavoring and perfuming agents, preservatives and antioxidants can also 
be present in the compositions. 

Examples of pharmaceutically acceptable antioxidants include: (1) water 
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, 
sodium metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as 
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene 
(BHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating 
agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric 
acid, phosphoric acid, and the like. 

Formulations of the present invention include those suitable for oral, nasal, 
topical (including buccal and sublingual), rectal, vaginal and/or parenteral 
administration. The formulations can conveniently be presented in unit dosage form 
and can be prepared by any methods well known in the art of pharmacy. The amount 
of active ingredient which can be combined with a carrier material to produce a single 
dosage form will vary depending upon the host being treated, the particular mode of 
administration. The amount of active ingredient which can be combined with a carrier 
material to produce a single dosage form will generally be that amount of the 
compound which produces a therapeutic effect. Generally, out of one hundred per 
cent, this amount will range from about 1% to about 99% of active ingredient, 
preferably from about 5% to about 70%, most preferably from about 10% to about 



30%. 
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Methods of preparing these formulations or compositions inclnde the step of 
bringing into association one or more agents of the present invention with me earner 
and, op.iona.ly, one or more accessory ingredient, In general, me formulations am 
prepaid by uniformly and inrimate.y bringing into association one or more agents of 
L present invention with liquid carriers, or finely divided solid carriers, or bom, and 
then, if necessary, shaping the product 

Formulations of the invention suitable for oral administration can be tn the 
form of capsules, cachets, piUs, tablets, lozenges (using a flavored basis, usually 
s „ CKK e and acacia or tragacanth), powders, granules, or as a somtion or a suspenston 
in an aqueous or non-aqueous liquid, or as an oil-in-water or „tuer-in-od liqu.d 
emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as gelatin 
and glycerin, or sucrose and acacia) and/or as mouth washes and the like, each 
containing a predetermined amount of a compound of the present invention as an 
active ingredient. A agent of the present invention can also he administered as a 

bolus, electuary or paste. 

In solid dosage forms of the invention for oral administration (capsules, 
tablets, pills, dragees, powders, granules and the like), the active ingredient is tmxed 
with one or more pharmaceutical^ acceptable curriers, such as sodium citrate or 
dicalcium phosphate, and/or any o, the following: (1) fdlers or extenders, such as 
sauchea, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, 
for example, cnrboxymemylcellulose, alginates, gelatin, polyvinyl pyrrohdone, 
sucrose turd/or acacia; (3) humectants, such as glycerol; (4, disintegrating agents, such 
as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certam stltca.es, 
and sodium carbonate; (5) solution retarding agents, such as paraffin; (6) absorption 
accelerators, such as quaternary ammonium compounds; (7) wetting agents, . such as 
cetyl alcohol and glycero! monostearate; (8) absorbents, such as kaolm and bentomte 
clay (9) lubricants, such a talc, calcium stearate, magnesium stearate, sohd 
po lyemylene glycols, sodium lauryl smfate, and mixmres thereof; and (10) co.or.ng 
agents In me case of capsules, table* and pills, .he pharmaceutical composttions can 
also comprise buffering agent, Solid compositions of a similar type can also be 
employed as fillers in soft and hard-filled gelatin capsules using such excip.e»,s as 
,ac,ose or milk sugars, as well as high molecular weigh, po.yethylene glycols and the 
like. 
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1,*;™ nntionally with one or more 
««W ingmdtents. Compressed ta pIK e„ative, 

disintegrant (for example, active oj dispersing agent. Molded tablets can be 

made by molding in a suitable macbiae 

moistened with an inert liquid diluent phanna ceutioal compositions 

^ ^.ets, and omer sotid dosage fom* M 

ta scored or prepared with coatings and sheUs, such ^ 
formulated so as to provide s,ow or conned rele^e ^ 
me desired release profile, other polym bacteria -retauimg filter, or 

* dissoived in sterile water, or some -"-^ opacitying ag e„ts and can 

be of a composition that tney ^ nnllv in a delayed manner. 

ac^portionofti.gasti.in^tinafti^^^J 

_andwa.es. 

propria* LlLti^onofmecompoundsoffhe— n 
Liquid dosage forms micr0 emulsions, solutions, 

suspensions, syrups and dtxtrs. In ^ for water 

forms cancontain inert difuents commonly used ^ 

afcohol, ethyl carbonate, ethyl acetate, benzy ^ 

ohve, castor and sesame oils), glycerol, tetiah * J 
aad fatty acid esters of somitan, and mixtures thereof. 
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Besides inert — the oral conations can also include adjuvants such as 
Besxdes inert , agents , swe etening, flavoring, coloring, 

wetting agents, emulsifying and suspending & 

perfuming and *~^TZ active compounds, can contain .spending 

Suspensions, . addtdo . ^ J» ^eU.yiene so*i«n and 

-*« ~ " mOTe a8enG ~ ,e, cocoa huder, po.yethyiene giycoi, a 

■ taHeoowders sprays, ointments, pastes, creams, lottons, 
ageoK of this inventton mclude powdery P y ^ ^ 

^s.soutuons, patches and rnhalants. The a eag aves , 
conddions with a phannacendcaily acceptahie earner, and w..h 
huffets, or propeUants which can he reared. ^ ^ ^ 

T „e oiuhnen, and vegetahle fats, oUa, wa*es, 

, .vi, *Hd aluminum hydroxide, calcium sdicates ana 

excipi ent S suc h as lactose 

polyam ide powder, or mixtures ^ volatile unsubs tituted 
customary propellants, such as chlorofluorony 
hydrocarbons, such as butane and propane. 

hyu u . tllpa dded advantage of providing controlled 

Transdermal patches have the adoea auvoi 0 r 

aeUvery X agent f the present invention to the hody, Snch dosage forms can he 

drssoilg or dispersing the suhject compound in the proper medrum. 
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. oheusedtoincreasethefluxofthesubjectageatacross 

ott e or mote pharmaceuucally ac ^ ^ ^ ^ 

coutain antioxidant buffers, bac— or thickening agenK . 

isotonic wi* the Wood o, *e huended recrpren, or su ^ 

mixtures thereof, vegetable ods, such as bytheoS e of coating 

as etity, olea*. Proper fluidity can be — -£ «-£ ^ 
trials, such as lectthin, by the man— of d» mrpureri p 

ot disperse, and by .be adjuvants sucb as preserve, wetting 

Thf><;e compositions can also conuuu a j 

l&esecoiuy pr-v^ntion of the action of 

microorganisms can be ensurea oy d d ^ uke. It may 

^fore^P-ben.cMo— •^^^. €ltalte -*. 

action such as aluminum monos,eara.e and gcfattn. 

Wben the compounds of the present iuventtou are admuus^d 
pharmaceutical to humans and ammaU, .hey cau he *~ 
^aceuuCcoutpo,— aLp«e 
0.5 to 90%) of active ingredient in combination wim y 
carrier. 

p nTTTVALENTS 
• u u^n narticularly shown and described with 
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frcn A. spirit and scope of the mvenhon. Those « 

be able to ascertain using no more than tontine expentnentatton, many eq 

I uiLents ate intend to he eneontpasseri in the scope of the ntventton. 
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CLAIMS 

We claim: 

An isolafcd «»c>eic acid having a nucleotide sequence select from ,be group 
consisting of: 

(a) at least 10 consecutive nucleotides of SEQ ID NO: 1; 

(b) at least 12 consecutive nucleotides of SEQ ID NO: 1; 

(c) at least 14 consecutive nucleotides of SEQ ID NO: 1; 

(d) at least 16 consecutive nucleotides of SEQ ID NO: 1; 

(e) at least 18 consecutive nucleotides of SEQ ID NO: 1; and 

(f) a sequence complementary to any one of the sequences of (a) -(e). 

2 . An isolated nucleic acid having a nucleotide sequence selected from the group 
consisting of: 

(a) at least 10 consecutive nucleotides of SEQ ID NO: 3; 

(b) at least 12 consecutive nucleotides of SEQ ID NO: 3 ; 

(c) at least 14 consecutive nucleotides of SEQ ID NO: 3; 

(d) at least 16 consecutive nucleotides of SEQ ID NO: 3; 

(e) at least 18 consecutive nucleotides of SEQ ID NO: 3; and 

(f) a sequence complementary to any one of the sequences of (a) -(e). 

3. An isolated nucleic acid having a nucleotide sequence selected from the group 

consisting of: 

(a) a sequence encoding a CatSper4 protein; 

(b) a sequence encoding at least a transmembrane domain of a CatS P er4 

Pr0tein; (c) asequence encoding at least an extraceUular loop of a CatSper4 protein; 
(d) asequenceencodin g atleastaporeregionofaCatSper4protem; 
(.) asequence encoding at least an epitope of a CatS P er4 protein having h lg h 

predicted antigenicity; and 

(f) a sequence complementary to any one of the sequences of (a)-(e). 

An isolated nucleic acid as in claim 3 selected from the group consisting of: 
(a) SEQ ID NO: 1; 



4. 
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(b) SEQ ID NO: 3; 

(c) a sequence encoding a polypeptide comprising residues 46-75, 86-98, 108- 
137, 155-202, 209-233 and 242-272 of SEQ ID NO: 2; 

(d) a sequence encoding a polypeptide comprising residues 48-73, 81-111, 
1 13-134, 156-204, 208-233 and 245-273 of SEQ IP NO: 4; 

(e) a sequence encoding a polypeptide comprising residues 76-85, 138-154 

and 234-242 of SEQ ID NO: 2; 

(f) a sequence encoding a polypeptide comprising residues 74-80, 135-155 

and 234-244 of SEQ ID NO 4; 

( g ) a sequence encoding a polypeptide comprising residues 222-231 of SEQ 

ID NO: 2; 

(h) a sequence encoding a polypeptide comprising residues approximately 

residues 222-231 of SEQ ID NO: 4; 

(i) a sequence encoding a polypeptide comprising a high predicted 

antigenicity epitope of SEQ ID NO: 2; 

(j) a sequence encoding a polypeptide comprising a high predicted 

antigenicity epitope of SEQ ID NO: 4; and 

(k) a sequence complementary to any one of the sequences of (a)-(j). 

5. An isolated nucleic acid encoding a polypeptide having at least 80% amino 
acid sequence identity with a polypeptide selected from the group consisting of: 

(a) a CatSper4 protein; 

(b) at least a transmembrane domain of a CatSper4 protein; 

(c) at least an extracellular loop of a CatSper4 protein; and 

(d) at least a pore region of a CatSper4 protein. 

6. An isolated nucleic acid encoding a polypeptide having at least 80% amino 
acid sequence identity with a CatS P er4 protein and having CatSper4 activity in a cell 
capable of expressing CatSper4 activity. 

7. An isolated nucleic acid comprising 

a regulatory element having at least 80% nucleotide sequence identity to at 
least 100 consecutive nucleotides selected from SEQ ID NO: 5; 
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^ secueaoe operah.y joined .herao in a n— - — • a 
gene can be expressed. 

8 Anisolatednucl^ 

8 . An isoiatea ^ nq ^ ^ condltlons 
least a portion of a nucleic acid of SEQ ID jnvj. 

including a wash step of 1.0 x SSC at 65°C. 

9 . AnisolatednucleicacidasinclainiSwhereinsaidnucleicacid 
polypeptide having CatSper4 activity. 

10 A nucleic acid comprising: a/ . t!vJfv 
(i) a aacUotide seaaeace e„codia g a po.ypepdde having <^"£ 

NO: . or SEQ ID NO: 3 nnder conduioas iaciuding a wash s,ep of 1.0 * C ' 
00 a * region ope*., joiaed ro said sequence sach .ha. 

said sequence is expressed. 

said sequence is expressed. 

p o r-*rSner4 nucleic acid comprising an 
19 A kit for detecting at least a portion of a CatSper4 nuc 

12. A kit 10 e i 7 w a means for detecting said isolated 
isolated nucleic acid of any one of claims 1-7 and a m 

nucleic acid. 

, f*r detecting said isolated nucleic acid 

13. A kit as in claim 12 wherein said means for detecting said 

comprises a detectable label bound thereto. 
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• l2 wherein said means for detecting said isolated nucleic acid 

14 . A kit as in claim ^ My hybnd izes to said 
comprises a labeled secondary nncle 1C acid w v 

isolated nucleic acid. 

15 . A vector coding an Uo.ated noc.Cc acid of any one of claims Ml. 

16 . Ave^co^a^coona^oap^eof^a^cacMof 
any one of claims 3-11- 

n . AveCorasincMm « — - - — ' - * ^ *** *° " 
exogenous regulatory region. 

18 . Ave^asino^f*^^^-^^' 0 ^^ 
cooing sequences to form a fosion vector. 

19 . A vector coning an isoiated nudeic acid of any one of Cairns ML 

20 A vector comprising an isolated nuCeic acid of any one of Cairns Ml 
operably joined to a reporter gene. 

21 . Acell transformed witb a nucleic acid of any one of claims 3-U. 

22 . A ceU transformed with a genetic — capabbe of expressing a nnCeic 
acid of any one of claims 3-U- 

2 , AceUasinCaim^witemin^noCCcisoperaoiyjoinedtCeteroiogons 
coding seqnences to encode a fnsion protean. 

and human cells. 
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■ -n wherein said ceU is selected from ft. groap consisting of 
M A cell as in claim 22 wherein sa. getm 

™Us fetal ceUs, embryonic stem cells, zyg 
mammalian somatic cells, reuu 
Une cells and transgenic animal cells. 

„ wherein a genetic constmct has introduced a 
* A non-hnman transgenic - . ^ ^ ^ ^ wherein said 

^cation into . «-«^ " Mffiisting of insertion o, a nucleic acid 

"lyiled.ocatsper.mgn.amrye.emenrs. 

, • ^whemin said modification is insertion of a nncleic 
„. An animal as in Cam. 26 whemm ^ ^ ^ 

^ encoding a polypeptide £*J^ ^ ^ ^ M „ aceUular Ump 

« .east a transmemhrane *— - ^ a CatSpem protein, and at leas, an 

consisting of rats, mice, hamsters, gu 
and non-human primates. 

from the group consisting of: 

(a) a CatS P er4 protein ^ CatSpeM protein; 

(b) at least a transmembrane dom 

(c) atleastanextracellularloopofaCatSperApr 

C ; - f « ratSDer4 protein; and 

W a. least a pore region f a C* P P ^ ^ 

(e) at least an epitope of a CatSper^p 
antigenicity. 

tein oreparation as in claim 29 wherein said 
a 0 A substantially pure protein prepar 

polypeptide is selected from the group consisting of: 

(a) SEQIDNO-.2; 

(b) SEQlDNO:4; 
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46-75, 86-9S.t0B-.37. 155-202, 209-233 and 242-272 o, SEQ ID 
NO '' (d> — 48-73. 81-111. 1 1M34. l5 o-204, 208-233 and 245-273 of SBQ 

roNO: ( !) re sidues7c-85, 138-154a„d234-242ofSEQIDNO:2 ; 
(0 residues 74-80, 135-155 and 234-244 of SEQ ID NO 4; 

(g) residues 222-23 1 of SEQ ID NO: 2; 

(h) residues 222-231 of SEQ ID NO: 4; 

(0 a high predicted antigenicity epitope of SEQ ID NO: 2; and 
0) a high predicted antigenicity epitope of SEQ ID NO: 4. 

S1 Asubs^ltaUypurepreteinpreparetionconrprisingapalypepHdehavinga. 
L 80% amino acid seance idenlity wilh a polypeplide severed front the group 

consisting of: 

(a) a CatSper4 protein; 

(b) at least a transmembrane domain of a CatSper4 protein; 

(c) at least an extracellular loop of a CatSper4 protein; and 

(d) at least a pore region of a CatSper4 protein. 

32 . A substantially pure protein preparation comprising a polypeptide having at 
activity in a cell capable of expressing CatS P er4 activity. 

33. A substantially pure antibody preparation comprising an antibody raised 
against a CatSper4 epitope. 

34. A substantially pure antibody preparation as in claim 33 wherein said epilope 
has high predicted antigenicity. 

. ., llv nure ^ody preparation as in claim 33 wherein said epitope 

35. A substantially pure antioouy F v 

comprises an amino acio science within the an amino acid — ^ 
the gLp consisting of high predicted antigenicity epitopes of SEQ ID NO. 2, and 
high predicted antigenicity epitopes of SEQ ID NO: 4. 



57 



PCT/US2003/024359 
WO 2004/015066 

36. A —any pure anribody preparation as in any one of Cairns 33-35 
wherein said antibody is a monoclonal antibody. 

(scFv). 

38 A « for detecting at least an epitope of a Ca,Sper4 protein comprising an anri- 
antibody. 

39 A kit as in claun 38 wberein said means for dealing said antl-Ca.Spe,4 
antibody comprises a detectable label bonnd thereto. 

40 A Id. as in claim 38 wherein said means for detecting said an n -C*Sper4 
CatSper4 antibody. 

«. Ame t hod„flden,ifyingapo,emlalmodnla,orofCa,Sper4acrivi W 
activity if said increase or decrease is sigmficant. 

42 . A method as in claim 41 wherein said indicator is an indica»r of the level of 
mRNA encoding said CatSpert protein. 

43 . Amethodashtclam^ whemin said indicator is an mdicator of Ute feve, of 
CatSper4 protein. 
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-a „A\r*tnr is an indicator of cation flux 
44. A method as in claim 41 wherein said indicator is an in 

across a membrane of said cell, 
channel currents of said cell. 



_ nf claims 41-45 wherein said cell has been 
A method as in any one ol claims tx-^j 

„. Amedrodasindaim* „ .Mc-fc.— — — 
indicator is a measure of sperm motility. 

48 . ^modofideotifyingapo^aimodu^rofCarS^acUvit, 

tlrm. under physiological condidons a candidate compounds* 

CatSpert m v comfoaIld ^ srud 

measuring binding, u any, 

activity if said binding is significant. 

49 . A method as in Cairn 48 wherein said Ca,Sper4 moiety is a polypeptide 
selected from the group consisting of: 
(a) a CatSper4 protein; 

a,) at leas, a transmembrane domain of a 0>«Sper4 protem; 
(.) at leas, an extracellular loop of a CatSpem protein; and 
(d) at least a pore region of a CatSpert ptotein. 

administering to said male acompound winch decreases Cat p 

5, A method of causing mversrble infertility in a male aubiec, comprising: 

.d—ngtosaidmafeacom^ndwhichdecmasescarspemacnvrty. 
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<I9 A method of contraception comprising: 

.u. .ubiect a compound which decreases CatSpeM 
administering to a male subject a compu 

activity. 

53 A method of contraception comprising: rMt)aA 
• . f.™lesubiect a compound which decreases CatSper4 
administering to a female subject a w v~ 

activity. 

SH* — * «— ■ • — a foam - a je,ly - "* a spong 

« A method of contraception as in claim 53 wherein: 

5 l^L^ectisar— .d said -mpouod is admiu^ n*o a, 
lM8 , one of the vagina. mems and Mopian rubes of said female. 

„f rt.ims 50-53 wherein said compound is selected 

CatSper* gene and an antibody to a CatSper4 prorern. 

57 A method as in Cairn 56 wherein said compound is an antibody fragmem 
fragment, and an scFv fragment. 

58 . A method as in any on. of claims 50-53 whetein said subject is a mammal. 
59 A m ethod as in claim 58 wherein said mammal is selected from the group 

gophers. 

• . • «^«ain said subiect is selected from the group 
60. A method as in claim 58 wherein said suoj 

consisting of a fish, an amphibian and an insect. 
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« Use of a co.poun* which leases Ca,Sper4 acjrvijy in «. preparation o, . 
lament (or decreasing the fertility of a male subject 

62 Useo.ac.mpoundwhichdecreasesCa^acUvitymmepreparaUonofa 
teamen, for cansing reversible infertility in a male subject 
63 . ^ofacompoundwhichdeereasesCa^acUvityinoaepreparationofa 
coatraceptive for administration to a male. 

64 ^ of a compound which decreases CaJSpe* activity in me preparation of a 
contraceptive for administration to a female. 

« A use as in any one of Cairns 61-64 wherein said compound is in a 
LjTIld Lm .he group consisting of an injection, a transdermal patch, a 

.cast one of Jhe vagina, uterus and faUopian tubes of said femaJe. 

• „ ™c of claims 61-64 wherein said compound is selected from 
rj-i a nee as in any one or ciaini& ui ^ 

Ic^pclisringofauucjeicacidwmcbisanusensetoajl^aporuonofa 
Ca.Sper4 gene and an antibody .o a CatSper4 protem. 

68 A use as in Cairn 67 wherein said compound is an antibody fragmen. a**,eu 
and an scFv fragment. 

69 . A use as in any one o, claims 6J-64 wherein said subjec, is a mammal. 

70 A use aa in claim 69 wherein said mammaJ is selected from the gmup 
consis,ingofhnmans,d„gs,ca K ,co„s,sheep,horses,mice,ra.,raccoons,a„d 

gophers. 
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n . A use as in claim 69 wherein said subject is seUcted 6cm the group counting 
of a fish, an amphibian and an insect. 



72. A contraceptive 
CatSper4 activity. 



preparation comprising a compound which decreases 



i„; mc 79 wherein said compound is selected from the 
7-1 A ©reparation as in claims 72 wnerem s.«uu ^ v 

^etlLgo.auuc.eicaciuwuieMsauUseoseioaUeasiapo^o^C^ 
gene and an antibody to a CatSper4 protein. 



74 A preparation as in claim 72 wherein said preparation is in a formulation 
selectedfrom the group consisting of an injection, a transdermal patch, a bioeroc 
implant, a lubricant, a moisturizer, a foam, a jelly, and a sponge. 



75. 



AmethodofdiagnosmgaCatSper4-relateudisordermamammalco 

absence of a mutation in a CatSper4 gene. 



76. 



determining the presence or s 

A method as in claim 75 wherein said method comprises: 
determining at least a portion of a CatSper4 gene sequence and comparing said 
determined sequence to a reference sequence; 

wherein the presence or absence of differences between said detennined 

„ Pirate the oresence or absence of mutations m 
sequence and said reference sequence indicate the presenc 

said CatSper4 gene. 

77 AmethodofdiagnostagaCatSper^^ 

,he presence or absence of a mutation in a CatSpert protein. 

78 A method as in claim 77 wherein said method comprises: 

determining at leas, a portion of a C*Sper4 protein sequence and comparmg 
said determined sequence to a reference sequence; 

wherein rhe presence or absence of differences between said determtned 
sequence and said reference sequence indica* the presence or absence of mntattons tn 
said CatSper4 gene. 
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79 A method as in claim 78 wherein said determination comprises contacting at 
least a fragment of said CatSper4 protein with an antibody known to bind to a 
CatSper4 protein in which a mutation is known to be present or absent and detecting 
binding between said antibody and said fragment of said CatSper4 protein. 

80 AmemodofdiagnosmgaCatSpe^^ 

measuring an indicator of CatSper4 activity in said cell; and 
comparing said measured indicator to a reference level. 

81. A method as in claim 80 wherein said indicator is an indicator of the level of 
mRNA encoding said CatSper4 protein. 



82. A method as in 
CatSper4 protein. 



claim 80 wherein said indicator is an indicator of the level of 



83. A method as in claim 80 wherein said indicator is an indicator of cation flux 
across a membrane of said cell. 

84 . A method as in claim 80 wherein said indfcator is an indicator of whole cell or 
channel currents of said cell. 

85. A method as in any one of claims 75-84 wherein said disorder is CatSper4- 
related infertility. 

86 A memod of genotyptag a subject with respect to a CatSpeM gene comprising: 
determining at leas, a portion of a Ca.Sper4 gene sequence and companng satd 

determined sequence to a reference sequence; 

wherein the presence or absence of differences between said deremuned 

sequence and said reference sequence indicate the presence or absence of a genotype 

corresponding to said reference sequence. 

87 Amethodofgenotypm g asnbjectwithrespecttoaCatSper4genecompris^ 

determining at least a portion of a CatSper4 protein sequence and comparing 
said determined sequence to a reference sequence; 
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ir rfwnrps between said determined 
herein the piesence or abse.ce of ^ q( a genotype 

sequence and seidrefereaee sequence md.ea.e the p^seeee 

coitesponding to said reference sequence. 

, ■ a7 wherein said determtoation comprises contacting at 
u . A method as « clam, 87 wherein m ^ 

ieastafragmentofsaidCatSper^^ ^ d deKcting binding between 

CatSper4 protein comprising said reference seq 

S aid antibody and saidfragmen. of said CatSper4 protem. 



89. 



^odofinv.lro^adonb^rmnavuigdec^Ca.pe.aca.t, 



comprising: 

removing a zona pellucida from at leas, one ovum, 
contacong said ovnm witb a. teas, one of said sperm; and 
allowing said aperm to fertilize said ovum. 

o, A method of in Wlro ferdrizabon by spenn having decreased motility 

comprising: 

removhigaaonapeUucidauomatleaatoneovum. 

contacung said ovum with a, tea* one o, said sperm; and 
aUowing said sperm to fertilize said ovum. 

91 . A me,hod of in *. «— by sperm having decked ability to 

penetrate a zona pellucida comprising: 

removing a zona pellncida from at leas, one ovum; 

contacting said ovum with at leas, one o, said sperm; and 
allowing said sperm to fertilize said ovum. 

■ j v.„ infertility due to decreased 
92 . A method of bearing a subject characterized by inferul, y 

CatSper4 activity comprising: 



rZinll^^.tmprogenimraofaaidaub.ectwithagenet.c 



using transformed sperm < 
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9 , A method of beating a subjec. cha—d »* — * *» » * 
CaBperf activity oompristagt progeoi ,„rs of said 

subject, whereby said protein provides Catbper* 

- nsing spetm beting said adopted CatSpe* pro* to fertiUze - ovom. 
94 ^odofdi^os^aoa.a^an^-^^c^ 
Lti-CatSpe* a— present in a female mogenita, ban, eompnstng. 

LJL said sampie of antibodies with at .east a fragment of a CatSpe* 
CatSper4 protein. 



95 A ^-ln^^-C^ft^«^ a 
CatS P er4 epitopes having high predicted antigenicity. 

Itedfromthe^^ 

NO: 2, and high predicted antigenicity epitopes of SEQ ID NO. 

ri r a tSner4 antibody-mediated infertility caused by 
97 A method of treating an anti-CatSper4 antio y 

«W antibodies ptesent in 'J^^^^Zr binds « 
aHm.nisterina into said urogemtal tract an dg<= 

administer!^ b betweeQ said 

r*.Sner4 antibodies in an amount ellective iu 
said anti-CatSper4 an ^ fa ^ 

anti-CatSper4 antibodies and a CatSper4 prore p 
tract. 

OS A method as in Cairn 97 wherein said agent comprises a, ieast fragment of a 
cLpeMptoteinineinmnganep.mpebavingbigbptedic.danUgemc.tv. 
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„ A method as in Cain, 9S wherein said epitope is incmded wUbin . 
^ tom U K S t oupco^ t ia g of tt ghp^a^^e pltop eso (S BQ ro 

NO: 2, and high predict antigenicity epitopes of SEQ ID NO: 4. 

100 . A method as in claim 9S whemin said agent comprises an and-idiotypic 
antibody against said anti-CatSpert antibodies. 
,01 Amemodofconductingadmgdiseoverybusinesscomprising: 

ifSKt one of sperm motiUty or egg penetrance; 

(b) for efficacy and toxicity in one or more animal models; and 
2 fonnuLng a pharmacentica, preparation inc.uding one or mom agents 
identified in step (c) as having an acceptabie therapeutic profile. 

102 The method of claim ,0,, fitrmer incmding me amp of establishing a system 
I debuting the pharmacentica, pmparafinn for safe, and optional* mc.nd.ng 
establishing a saies group for marketing me pharmacentica, preparauon. 

,03 A method of conducting a dnig discovery business comprising: 
(a) ' id e„,ifying,bymeassayofc,aim4,,o M ormoreagen t s„mchagomze 

least one of sperm motility or egg penetrance; 

IT conducting therapeutic profiting o, an agen, idenfified as an agoms, m step (b) 
for efficacy and toxicity in one or mom animal models; and 
(d) formu.a«ng a pharmaceutical preparation including one or mom agents 
identified in step (c) as having an acceptable therapeutic profile; 
104 Themethodofc.aim.Ol.mdherinc.uding.hes.pofes.ab^hingasys.em 
£ot autifbuting tire pharmacentica, pmparation for sale, and optional mCudmg 
e S ,abUshing a saies group for mariceting the pharmaceutical pmparauon. 
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agen B which agonic *e ^vity of wUd type Ca.Sp.r4. 

, 06 n. method of claim 103. whetein step (a) comprises identifying one or more 
mutations. 

107 Ame *odofconducdn g a^^ 

107. A method o , e ftom a mai6 patieat, wherein said patient is 

(a) examining a sperm sample ftom a mai v 

creasing a. ,eas, one o, sperm motiUty or egg ^ of . 

(d) crushing a treatment regime, compnsmg ~ ^ 
CatSper4 agoais, effecrive to Urease at lenst one of sperm mottnty 



ia said male. 
108 



m Th e method of Cairn U>7, further inc.uning a step wherein said male is 
■nonitored by a physician ,o evaluate improvement in fertthty. 

patient's health care provider. 



110 

(a) 



A method of conducting a contraceptive medicine business compn^: 
providing a pharmaceutical preparation discovered in claim X0 1 , 

preparation inhibits the activity of CatSper4; 

n C to nhvsicians and health care providers for the 
(b) providing instructions to physicians 

• * * m o„nt of said pharmaceutical preparation effective com 
administrauonofan^ 

activity of CatSper4, wherein said ettecuve 
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, , ■ nn further including the step 01 
u , Theniethodofcla^m^^ 

^distributing ^^^l^e^aceuUc^prepa.atio, 
establishing a sales group for marketing 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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hCatSperl 
hCatSper3 
hCatSper2 
hCatSper4 



- mCatSper3 
mCatSper4 
mCatSper2 
mCatSperl 



200 



150 100 



hCatSper3 and hCatSperl are 21% identical 
hCatSper3 and hCatSper2 are 22% identical 
hCatSper4 and hCatSperl are 17% identical 
hCatSper4 and hCatSper2 are 21% identical 

mCatSper3 and mCatSperl are 20% identical 
mCatSper3 and mCatSper2 are 22% identical 
mCatSper4 and mCarSperl are 22% identical 
mCatSper4 and mCatSper2 are 22% identical 

hCatSperl and mCatSperl are 48% identical 
hCatSper2 and mCatSper2 are 71% identical 
hCatSper3 and mCatSper3 are 68% identical 
hCatSper4 and mCatSper4 are 65% identical 
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SEQ ID NO: 1 (Human CatSper4 cDNA) AOTCATTT CTAGTTCACC 0050 

ATGTCTC AAC ACCGTCACCAl 9^9S£Jq^^ AACATTCAAG AAATTT AAGA 0100 
AGTTGACACT ACATCGGTGG GATTTTGTCC AAC Ai AOTCAT AATGAGCCGT 0150 
gWgATGATGAATGTC^ 0200 
TTCTTTAAGA TAATTATGAT TAGCACTGTC A.GACTTCTTG 0250 
GGCCTTGTGG ^^^^FI^^^^^^^^^f(^^^^^^^A^TKi'T(X^A^ 0300 
AGTTCTCGGA G^^^^^SaIgAACGGCT AC AACCTGCT 0350 
AAGGTCTATG TGGACCCCAT ^^AC^U CTCCGCC AGC 0400 

GGATGTGATC ^^^S^^^^^^^^^^^^CG^^^TGGCIA^GCAGTCC 0450 
TCATGGGCAA ACAGTTCACT JACCTGTA1A GGACGCTGAT 0500 

CTGCGCATCCTCAAGCITATCG^AT^ Q550 
CACCGCCGTG GGGCAGACAGTCTA^ACCGT ^Z^t^ZcTGTrTGGA 0600 
TCTTCCTCCTCATGTACATCTC^ 0650 
TCTCCAGACAATGGT^CCATGA^^ 0700 
TTTC ACCCTC TTCAGCTTGG ^^^^^^q^qq^qq^p^y CACCATC ATC 0750 
AGCAGTTGGA CAATCGGGAA ™CTTTCA a^aYgTTCG TGGGTGTGAT 0800 
TTCATCTTGC TCGCCTCTT^ATCTO^^CA^^ GAGCTGATGT 0850 
G ATC ATGCAC ACAGAGG ACT ^^^Sff^^^^^^QQ^Q^^CTGCAGCGG 0900 
TGGAGCAGCA GGAGATGCTC ATGGGAGAGA ATGCTGACTG 0950 

CAGCAGGAGGAGATCAGCAGG^ 1000 
CACAAGTTTC AGTGAGCTGG TGGAGAACTT ■™ggg£ c CTTCA TCGAT 
CTGACCCAAT GGTC^ATjGAmGGCA CTAGCl^ ACAAGCTTCA 
ATCTACTTTT CCACTCTGGA(^ACCA^G^^M^AAC^Kj^ ggaagact 

SEQ ID NO: 2 (Human CatSper4 ^P^dn^q^ence) AFVKRVIMSR 
MSQHRHQRHS ^^y^^S^RSSS ^VSICTSELSM 

spdngdhdnwg^aa^^ 

FILLASFLFL NMFVGVMMH ^D^KFbK ^lm DFGTSLPFID 

S A ^ 0 ^?^ o S^<^™ C ^S A 0,00 
GTTTGCTACA GCATCGGAAG CATTOCAGGC AAOA«^ TAAGAGCACT 0150 

ggaaggataaggagtgccag-gcttaot^^^ 02QO 

TTCTTCCAGA TTGTGATGAT GACCACGGTC ACCACCAAC^ G 0250 

ggtcttgggg actaattatg ^^^^^^^gttcctcatg 0300 

AGGTCTCAGA GCTTTTCTTT GTAT^^ ATAACATACT 0350 

AAGGTCTATG TtXJAO^T M^^M A^A^ CTCCGCAAAA 0400 
GGATGTGATC ATT^TCATCATTCTCACO^AC^^rA CATCCAGTCT 0450 

TCAAGGGGAA JCATTCTGCA ^^™^ C ATCA GG AC ACTC AT 0500 
CTACGAATCC TCAAGCTTAJ CTCCTACAU 1 au CTGACGCTGC 0550 

CATCGCTGTG GGGGAGACGGTCTACACTCT ^gCTCOOl 0600 
TCTTCCTCCT CATGTTTGTO "CGCGATKX J^GGATTCIO CTTCAGCTTT 0650 
GTGACGGACA GAGGCGACCT GGMjAAGroG^jG^AAC 0?00 
CTTTACTCTC TTCAGTTTGG GGACGGTTGATGOCi^J^ TACT ATCCTC 0750 

AAGAGCTGGA CAAGAGG^CT ^^^St™ TGGGTGTGAT 0800 
TTCATCTTGC ^ < ^^ ^J^^I^^^^AA^GTTTG AGCGG GATCTGACGT 0850 
GATCATGCAC ACGGAGGATT CCATGAAAAA GTT ^ CCTGAAACGC 0900 

TGGAGAGGAA CCnTGTOATT LAT^AGGAGA A £££ AAAA CTGGT AGCAT 0950 
CAGCAAGAGG AGGTC AACAG ^^^^^gaCCCTG CGGCACACAG 1000 
GAACTTCATT GATATGGTGG AGGGCTTCAA £££ n CATTGAT ATC 
ACCCCATGGT TCTGGATGAC ^^^^^CACCA AGCTTCAGG A 
TACTTGGTCA CACTGGACAA CCAAGATG 



1050 
1100 
1150 
1197 



0050 
0100 
0150 
0200 
0250 
0300 
0350 
0398 



0050 



1050 
1100 
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OTO in NO- 4 (Murine CatSper4 Protein Sequence) AYFRKVIKST 0050 

S&SS&ifv rvksgslfat ^Q^S^v?v^vceflm oioo 

SVlVMnTV TTNSFLLVLG TNYDIQFE^ R^VSELbr ^ GIQS 0150 

£^£rriw KDGYKILDVI njj£*£ fW^LFG 0200 

SLkLISYS RGIRTLHAV ^TVYIW gSS^J OKRKFTVSRAFTIL 0250 

VTDRGDLENW GNLAS A^KL^gT DU1 m ^ EKQnLKR 0300 

FILLASFIFL NMFVGVMIMH TCDSMl^R DD FSTSLSF IDI 0350 

SEO ID NO* 5 (hCatS P er4 5' flanking secern* ! »^^S?A^SaG 0050 

acag^a^ccW 0100 

AAATTGGGAT GGGGAGTATT C^^^^gAATAGITG TAAGGTGGAA 0150 
ATTCTGGTGA CTAC AAATGC ^^^^MCTTTA AATAACAATT 0200 
AAAGAATTAG GAACTCGACA^GATAGTGAC^Tr^^A^^Tl^^^^^^^^^ 

CTTCTTTTGT '^^^^^^ ^^^^^tt/^^OOA&2CTTA ACCTCCTGGG 0300 
CTGGAGTGCA GTGGCAGGAT LCACGGTrTAT ^fAU ACTATAGGCA 
CTCAAGCAGT TCTCCCTCCT C^CAGMOAU GATGGGGTCT 

Stgccacca cck:ctgacta a^tt^at ttttiot ^ caa ccc 

CCCATCTTGC CCAGGCTGGC ^J^S^c A GGTGTGAGCC ATTGCCCCCA 
ACCTCTGCCT CCCAAAGTCC AAGGATCACA uui QTGTGTGTGT 

ScSgtataa c agtttgtgt gtgtgtctgt ^^ GTAG TGOTGCG 

CTTTGACACG GGGTCTCATT CTGTTOt^^A A GTG ATCCTCTCAC 

aSaTCGCTC ACTGTAGTCT TGAC^CAGG^^™ c CACACCTGGC 0700 
CTCAGCCTCC TGAGTAGCAG CGGTTAC A^AT^Al C OTTGCCATGG 0750 
TTATTTTTAA AACTTTTTTG ^^^fc^rS^n: GGCCTCTCAA 0800 
SgGTCTAGA ACTTCT^GC TTATTTTAAA 0850 

AATGTTGGGATTACA^GTCTGA^CACTO^^ ^TGGAG TCTCACTATG 0900 

A^T^^E^T^X^^^T/^rxnA A^GCCTGGGCT CAAATGATCT^CCTGCCTTG 0950 



0350 
0400 
0450 
0500 
0550 
0600 
0650 



1000 
1050 
1100 
1150 
1200 



TTGCCCAUUL 1 UVJ t^L^A a-t V AP AGGCGTG AGCCACTGCU tviuuv^n. 
ACCCCCCAAA GTGCTGGGAT TACAGGCGIO ^ GCCGTTACTA 

AACAATTCTT ATGAAGCTAA AGTTCAT11U cAAAAATTGG ATGAGCTATC 
CTT ATATAAT TAATTAG ^^AAGTCA Sg^GAGTT GAAGGAGAGG 
TTGGTGTGTT TTCTTTACTT ™^T^At CTGTGGCAAT ATAAGATTTA — 
ACAAGTGTCT TGTCTGTGGC ^^^A£^A^^GJTOTGGCAA^ cTGAGTTAAG 1250 
CTGTTACAGC AGCCAACTCA CCAAGTCATT ATTTOAC 1 fTGACTCCTG 1300 
C\ ATiG AACT AA GGGTCATTTT CCCCCCATCA TTTGCAlOi ^ GTGTTAATCA 1350 
AACTGAGGGT CTACGGCCAC ^^^AAGCTAGA AGC^A^A^GG GTG^^^^^^ ^ 
GTAGTGAGCT CTACTTACTC ^ATGTCTCACTGACA^mlO^^^^ 14 50 

ATCAAGTAAT CTATTATTTA ^^j^^^^^QC^^^KT ATCCATCCAT 1500 
ATTCAGGAAT GTACTACTAA CGAGATTATG ATGCAGOl CATGG 155 0 

GAAGCATTTG TTAGTCCCTT ^ A^AGCArcAT^K^^^TGG AA ^YCACTGTTT 1600 
ATCATCTTTG TAAACCCACC TCTCl^ IAUvj vj rr.CTTG CCCCAAACCT 1650 
GTTACAACAA GCAAACCTTT < ^^^Tp9p^ G ^^^^^nSrcT GAAGCCAGTT 1700 
r AGAAACATA TGGGAACATG GCACAGAGGCTGAULi^ A gTTGCCCTG 1750 
CCTGGCTGGT TTTGCTGGCC AGGGAGAGGC ^^^^ScAGGCTC 1800 
TGGACATGTG GTGTGCAGGG AG AG AAG AGO G AA AAOA^ GmcTTA 1850 
?C?£SCTGCC AGGGGATCCA ^ACTC^^^S^^^^^yAA GCTGGTTTCC 1900 
fiA ATTCTTCC CAAGGAAAAG ACAAAACTGTG1 li 1 1 ATATTTTTAG 1950 
TATAGTGTAG ATITGGGACT ™S^mCTnTGAGAA 2000 
™GTGCTT CAATTITCAA CATTAATTCT ™AA^ aTTTAAACAT 2050 
TCATC ACCTG GATTTACATG AATTTT^AA GCATGAAAA^ ATATCACCCA 2100 
ATOAAAAGT ACATGAATAG TACATTGAAG ^™^cATT ^ 2150 

ga^ataaaaa ttaccaagat ^^^^^^SZ^^agatagc TTATCATTTC 2200 

CCTTCTTTGC TAAAGTATTT AAAAGCAAAT CCCAGA1AU ^^^pppQYTG 2250 
AcScTATATCCTTCAGTAAG^r^^ ^ 

^SggS 2350 
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TAGCCAACTC ACXiGTTTATA TT^CTCCTT tgcaoactg 



TrrCTGCAGT TAGCCAACTC ACK1GTITATA TTGCCTC^ CTG 

JSSmTT TirrnTAAG agatggggtc tca^ctatc a i cta 

AAGTG ATCCT CCTACCTTGG CCTCTCTGOl ^ TAGAG AC AGT 



5250 
5300 
535G 
5400 
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WO 2004/015066 w * 

. rT , t _ r . tttttttTTT TTTTTTTTTT 5450 

r^rr^CTCAG CCTCCCATGG GTAATITTIA 1 111 ^^gat 5500 

ATTTATGTAT TTTTTTTTAG ^^^^^^t^^i^^QCTGCCT TGGCCTCCCA 5700 

aSaSStA AAC^CTGAC CTCAAG^ CrGATrTITA 5750 

AAGTGCTGGG ATTACAGGCA T ^SrT TC ACT ATG1T GCTCAGGCTG 5800 

TTTCrTATTT TTTTTTTAGA GATGGGGCTC TCACr^ CTCCCAAGTT 5850 

ATCTCAAACT CCTGGCCTCA AGTGATCCTC CCACC ^1 ^ TTACCTTCTT 5900 

GCTGGCiATTA T^^HE^S^^^^^TC^A^GC^ATG^ ^AATCTTITC 595 ° 
TGCTTCTCTT ^EE^I^GTO CCCTGGATGT GCTCTCriTC 



GClUi^M i«. "^ir^ri ^TxrTAAGTC AAACCCAH-A JLl™^ 
TGCTTCTCTT ^^^^IZ^^T^xGCTGTGCCCTGGATGT GCTCTCTTTC 
TTGTCCITCC ACKSTCTT^AGTGCT^C^^^ aCCCTTAACT 



5950 
6000 
6050 
6100 
6150 
6200 



CAGAATCC 

^!SSSJ5a aaottcaaaatttgoaaa 

^^^«»^ GCCTTCCAGACCATCACAGOTC 3S 

CCTATTAAAC ACAGGCTTTC TG 
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